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NEW  BRYOZOANS  FBOM  THE  OOAL  MEASURES  OF 
KANSAS  AND  MISSOURI. 


Oontribntion  frcm  the  Paleontological  laboratory  No.  52. 


BY   AUSTIN   F.   ROGERS. 
With  Plates  I.  II,  III,  IV. 

THHE  bryozoans  occurring  in  Ihe  Coal  Measure  rocks  hâve  received 
-^  but  comparatively  Utile  attention.  In  the  faunal  liste  of  the  hori- 
zons the  information  conceming  the  bryozoans  is  usually  of  the  most 
meagercharacter.  Although  they  are  small  and  often  pooriy  preserved, 
the  difficulties  in  the  way  of  their  satisfactory  détermination  are  but 
little  if  any  greater  than  with  other  groups  of  fossil  invertebrates. 
Their  characters  are,  as  a  rule,  extreraely  constant.  It  is  the  writer's 
conviction  that  the  value  of  bryozoans  in  the  corrélation  of  the  above- 
mentioned  rocks  is  as  great  as  that  of  any  other  group,  and  conse- 
quently  that  theyshould  receive  more  attention. 

Forty-two  well-defined  species  hâve  been  described  from  the  Coal 
Measures  of  the  United  States,  of  which  number  Ulrich  is  the  author 
of  twenty-six  ;  Poerste,  six  ;  Meek,  five  ;  White,  two  ;  Prout,  Swallow, 
and  Worthen,  one  each  ;  to  which  the  author  hère  adds  twenty-two. 

Unless  otherwise  stated,  the  spécimens  described  in  this  paper  were 
coUected  by  the  writer,  except  those  from  Topeka,  Kan.,  which  were 
obtained  by  Dr.  J.  W.  Beede,  to  whom  I  am  greatly  indebted  for  this 
and  other  favors. 

In  the  classification  and  in  the  séquence  of  the  parts  of  the  descrip- 
tions, Ulrich,  the  authority  on  American  paleozoic  bryozoa,  has  been 

closely  folio wed. 

BATOSTOMELLID^  Ulrich. 

Stenopora  spinnlosa,  n.  sp.    Plate  IV,  fig.  5. 

Zoarium  a  thin,  expanded  crust,  attached  to  a  brachiopod  {Derhya 

crassa),  from  which  proceed  several  cylindrical  stems,  2  mm.  in  diam- 

eter.     Surface  montiferous,  exhibiting  slightly  elevated  monticules, 
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oocupied  by  apertures  a  little  larger  than  the  average.  Zoecial  aper- 
tures  angular  to  subangalar,  with  thin  walls,  six  in  2  mm.  Strong 
acanthopores  at  the  cell  angles.  Numerous  very  small  acanthopores 
ocour  along  the  cell  walls.  Of  ten  strong  acanthopores  are  f ound  hère, 
too.    Internai  characters  unknown. 

Position  and  locality:  Upper  Coal  Measures;  Melvern,  Osage 
county,  Kansas.  CoUected  by  Judge  E.  P,  West.  Type  in  the  Uni- 
versity  of  Kansas  Muséum. 

This  species  is  very  similar  to  S,  ohioensis  Poerste.  The  strong 
acanthopores  are  more  numerous  and  there  is  a  greater  contrast  be» 
tween  the  large  and  the  small  acanthopores.  There  are  six  instead  of 
ten  apertures  in  a  space  of  2  mm.  It  may  be  a  well-marked  variety 
of  S.  ohioeiisis,  but  it  is  believed  that  thèse  différences,  together  with 
the  zoarial  characters  and  the  montiferous  surface,  justify  its  inde- 
pendent  existence  as  a  distinct  species. 

Stenopord  spissa,  n.  sp.    Plate  IV,  figs.  4-46. 

Zoarium  a  cylindrical,  dichotomously  dividing  stem,  varying  from 
4  to  8  mm.  in  diameter.  Surface  smooth,  not  montiferous.  Zoecial 
apertures  subcircular,  with  rather  thick  interspaces,  about  six  occur- 
ring  in  2  mm.  Zoecial  tubes  thin  and  polygonal  in  the  immature 
région,  making  an  abrupt  bend  to  the  surface,  wbere  the  walls  are 
greatly  thickened.  Walls  not  distinctly  moniliform,  but  often  an 
elongated  swelling  is  noticed  just  after  the  walls  enter  the  mature 
région.  Diaphragms  apparently  absent.  Acanthopores  small,  very 
numerous,  ail  the  same  size,  usually  with  two  rows  on  the  cell  walls. 

Position  and  locality  :  Near  the  summit  of  the  Upper  Coal  Meas- 
ures; Howard,  Elk  county,  Kansas.  Collected  by  Mr.  Carminé  Ross. 
Type  in  University  of  Kansas  Muséum. 

Resembles  S.  ohioenais  Poerste,  but  the  acanthopores  at  the  cell 
angles  are  no  more  prominent  than  those  on  the  cell  walls.  Of  inter- 
nai characters,  the  thickened  zoecial  walls  in  the  mature  région  and 
the  absence  of  diaphragms  distinguish  it  from  that  species. 

CYSTODICTYONID^  Ulrich. 
Cystodirtya  inequimarginfita,  n.  sp.  Plate  I,  figs.  2-2/>. 
Zoarium  a  long  stipe,  dichotomously  dividing  at  fréquent  întervals. 
Branches  acuminate-ovate  or  subcircular  in  cross  section,  about  1  mm. 
wide  and  0.75  mm.  thick.  Non-poriferous  margin  narrow  and  sharp 
on  one  side;  rather  wide  and  rounded  on  the  other.  Zoecial  aper- 
tures much  elevated  in  unworn  spécimens,  small,  subcircular,  sepa- 
rated  longitudinally  by  about  twice  their  diameter  ;  arranged  in  three 
or  four  linear  séries.  In  a  space  of  3  mm.  six  apertures  occur  in  the 
row  nearest  the  wider  margin,  while  eight  occur  in  the  same  distance 
in  the  row  nearest  the  narrow  margin.     Apertures  also  quite  regularly 
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arranged  in  diagonal  séries,  about  four  in  1  mm.     Between  the  cell 
ranges  obscure  longitudinal  ridges  often  occur. 

Position  and  locality  :  Upper  Coal  Measures  ;  Lawrence,  Kan.,  and 
Kansas  City,  Mo.    Type  in  author*s  collection. 

C.  carbonaria  Meek  bas  from  seven  to  nine  longitudinal  rows  of 
apertures. 

Cystoilictya  divina^  n.  sp.    Plate  III,  figs.  5-5d. 

Zoarium  a  long,  more  or  less  âattened,  dichotomously  dividing  stem. 
Stem  acutely  elliptical  to  subcircular  in  cross-section,  0.8  to  1.1  mm. 
wide,  and  0,6  to  1  mm.  thick.  Zoecia  in  four  altemating  ranges.  Ap- 
ertures rather  large,  subcircular,  probably  pustuliform,  with  a  fairly 
well-developed  lunarium  seen  in  sections.  Eight  or  nine  apertures 
occur  in  a  space  of  5  mm.  In  breaking  the  rock  in  which  they  occur, 
the  stems  divide  along  their  médian  plane  into  two  parts  or  halves, 
each  of  which  was  at  first  mistaken  for  the  complète  zoarium.  The 
poriferous  side  of  the  hemîbranch  adhères  to  the  rock,  and  its  char- 
acters  can  only  be  judged  by  thin  sections.  The  non-poriferous  sur- 
face is  flat  and  occupied  by  longitudinal  striations  and  by  concentric 
undulations,  the  latter  being  similar  to  those  on  Chainodictyon  Poerste. 
The  non-poriferous  margins  of  this  surface  are  rather  wide. 

Position  and  locality  :  Upper  Coal  Measures  ;  Kansas  City,  Mo. 
Type  in  author's  collection. 

Differs  from  the  preceding  species  in  having  the  margins  of  the 

branches  equal  and  in  dividing  along   the   médian   planes  of  the 

branches. 

RHABDOMESODONTID^  Vine. 

Streblotrypd  ulricFti,  n.  sp.    Plate  I,  fîgs.  3, 3^1. 

Zoarium  a  long,  slender,  cylindricxil  stem,  0.8  to  1  mm.  in  diameter, 
dichotomously  dividing  at  varying  intervais.  Zoecial  tubes  long,  al- 
most  vertical  in  thé  middle  of  the  axial  région,  approaching  the  sur- 
face gradually,  and  increasing  slightly  in  size  at  the  same  time.  No 
inferior  hemisepta  were  observed.  Zoecial  apertures  ovate,  surrounded 
by  a  thin  peristome,  highest  at  the  anterior  border.  Arranged  in  al- 
temate  longitudinal  rows  between  thin,  slightly  undulating  ridges 
which  unité  with  the  peristomes  and  are  about  0.15  mm.  apart.  Inter- 
apertural  spaces  slightly  depressed,  and  occupied  by  the  mouths  of 
from  four  to  eight  small  pores  arranged  in  two  rows.  The  typical 
number  of  mesopores  is  six.  Measuring  longitudinally,  eleven  aper- 
tures occur  in  a  space  of  5  mm.;  diagonally,  four  in  1  mm.  It  requires 
about  twelve  rows  to  encircle  the  stem. 

Position  and  locality  :  Upper  Coal  Measures  ;  Lawrence,  Scranton, 
Topeka,  Cottonwood  Palis,  and  ten  miles  north  of  Manhattan,  Kan.  ; 
also  in  the  Permian  at  Grand  Summit,  Kan.  Type  in  University  of 
Kansas  Muséum. 
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Closely  resembles  S,  nickelai  Ulrich  from  the  Chester  group.  Our 
species  is  larger,  bas  a  fewer  number  of  mesopores,  the  ridges  sepa- 
rating  the  ranges  are  undulating,  and  the  zoecial  apertures  are  a  little 
larger,  The  internai  characters  are  rauoh  like  those  of  Ulrioh's  spe- 
cies. As  far  as  I  know,  this  is  the  first  mention  of  the  genus  in  the 
Coal  Measures  of  America. 

Spécifie  name  in  honor  of  Mr.  E.  O.  Ulrich,  of  Newport,  Ky.,  the 
authority  on  American  paleozoic  bryozoa. 

Stréblotrypa  striatopora,  n.  sp.    Plate  IV,  fig.  1. 

Zoarium  a  dichotomously  dividing  cylindrical  stem,  from  l  to  1.5 
mm.  in  diameter.  Zoecial  apertures  arranged  alternately  in  longitudi- 
nal séries,  about  six  in  3  mm.  The  diagonal  arrangement  is  usually 
more  noticeable,  with  five  apertures  in  2  mm.  No  longitudinal 
ridges  between  the  rows.  Zoecial  apertures  subcircular  to  elliptical, 
about  0.2  mm.  long,  surrounding  spaces  slightly  elevated,  but  without 
peristomes.  Whole  surface  occupied  by  numerous  small,  more  or  less 
elongated,  mesopores,  which  are  usually  arranged  in  longitudinal 
séries,  their  latéral  walls  giving  them  a  decidedly  striate  appearance. 
The  striations  are  undulating,  and  are  more  prominent  in  slightly 
worn  spécimens.  The  internai  characters  are  but  imperfectly  shown 
in  the  sections  made.  The  zoecial  tubes  are  short.  No  hemisepta 
were  observed. 

Position  and  locality:  Upper  Coal  Measures;  Kansas  City,  Mo., 
and  Lawrence,  Kan.    Type  in  author's  collection. 

This  species  is  quite  like  S,  multlporata  Ulrich,  from  the  Waverly 
group,  of  Ohio,  but  présents  the  following  différences  :  The  zoecia 
apertures  are  iarger,  the  mesopores  are  smaller,  and  the  longitudinal 
arrangement  of  the  same  is  more  prominent. 

FENESTELLID^  King. 
Fenestella  hexagonnlis^  n.  sp.  Plate  I,  figs.  4,  ^a. 
Zoarium  a  reticulate  expansion  ;  size  unknown.  Branches  slender, 
somewhat  flexuous,  0.3  mm.  wide,  nineteen  in  a  space  of  1  cm.  Dis- 
sepiments  short,  rounded,  much  depressed,  almost  as  wide  as  the 
branches.  Penestrules  subelliptical,  slightly  constrîcted  in  the 
middle  by  the  zoecia  mouths,  0.4  mm.  by  0.2  mm.,  twelve  in  1  cm. 
Carina  prominent,  subangular,  bearing  a  row  of  rather  large,  flattened 
nodes,  usually  placed  so  that  there  is  one  opposite  each  dissepiment. 
Zoecia  in  two  altemating  ranges,  seventeen  in  5  mm.  Apertures 
comparatively  large,  elevated,  a  little  more  than  their  diameter  apart, 
usually  three  to  a  fenestrule.  Rarely  is  one  situated  at  the  end  of  a 
dissepiment.  On  the  reverse  the  branches  are  more  flexuous  and  sub- 
angular.    Both  they  and  the  dissepiments  bear  a  single  row  of  small. 
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obscure  nodee.  The  fenestrules  are  more  or  less  hexagonal  in  out- 
line. 

Position  and  locality  :  Upper  Coal  Measures  ;  Topeka,  Kan.  Type 
in  University  of  Kansas  Muséum. 

The  reverse  side  resembles  that  of  Fenestella  Jlexuosa  Ulrich,  but 
the  obverse  side  of  that  species  is  quite  différent  from  that  of  ours. 
The  cell  apertures  of  F,  flexiiosa  are  more  numerous  and  doser 
together.  DifFers  from  ail  other  species  of  the  genus  in  the  hexagonal 
appearance  of  the  fenestrules  on  the  reverse  side. 

Fenestella  dentata,  n.  sp.    Plate  I,  fîgs.  5, 5a. 

Zoarium  a  reticulate  expansion  ;  size  unknown.  Branches  straight, 
rather  slender,  0.4  mm.  wide,  eight  in  a  space  of  5  mm.  Dissepimenis 
short,  depressed,  about  one-half  as  wide  as  the  branches.  Fenestrules 
long  and  narrow,  subquadrangular  to  subellipitical  in  outline,  averag- 
ing  0.9  mm.  by  0.3  mm.,  four  in  5  mm.;  but  slightly  indented  by  the 
encroaching  zoecia  mouths.  Cariua  rounded,  rather  strong,  bearing 
a  row  of  prominent  flattened,  conical  nodes,  a  little  more  than  their 
diameter  apart,  twelve  in  5  mm.  Zoecia  in  two  altemating  ranges, 
about  eighteen  in  5  mm.  Apertures  circular,  slightly  more  than  their 
diameter  apart,  generally  arranged  so  that  there  are  four  to  each 
fenestrule.    Reverse  not  seen. 

Position  and  locality  :  Upper  Coal  Measures  ;  Topeka,  Kan.  Type 
in  University  of  Kansas  Muséum. 

Sesembles  F.  cestriensis  Ulrich  from  the  Chester  group,  Illinois, 
somewhat,  but  differs  mainly  in  having  the  carina  and  the  nodes  more 
prominent.  This  species  is  distinguished  from  other  Coal  Measures 
species  by  the  narrow,  elongate  form  of  the  fenestrules. 

Fenestella  kansasensis,  n.  sp.    Plate  I,  fîg.  6. 

Zoarium  a  rapidly  expanding  foliar  network,  of  unknown  size. 
Branches  rather  strong,  slightly  flexuous,  about  0,4  mm.  wide,  bifur- 
cating  at  intervais  of  3  to  5  mms.  ;  number  of  branches  in  5  mm.,  eight. 
Médian  keel  strong,  moderately  elevated,  rounded,  somewhat  flexuous, 
bearing  a  single  row  of  small  nodes,  0.5  to  0.6  mm.  apart,  placed  so  that 
two  usually  occur  for  each  fenestrule.  Dissepiments  short,  depressed, 
about  one-half  as  wide  as  the  branches.  Fenestrules  subelliptical  to 
subquadrangular,  slightly  indented  by  the  encroaching  zoecia  mouths, 
averaging  0.8  mm.  by  0.4  mm.,  with  about  nine  in  1  cm.  Zoecia  in 
two  altemating  ranges,  eighteen  in  5  mm.,  usually  four  to  each  fe- 
nestrule.  Apertures  small,  circular,  separated  by  interspaces  about 
the  same  width  as  their  diameter.     Reverse  not  seen. 

A  wom  spécimen,  evidently  of  this  species,  has  wider  fenestrules, 
but  in  most  respects  agrées  with  the  type. 
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Position  and  locality  :  Upi)er  Coal  Measores  :  Argentine  and  Law- 
rence, Kan.     Type  in  author's  collection. 

Resembles  F,  burlingtonensis  Ulrich,  but  différa  mainly  in  baving 
more  prominent  nodes  and  a  greater  number  of  apertnres  in  a  given 
space.  F,  hurlingtonensis  bas  seventeen  in  1  cm.,  while  our  species 
bas  twioe  tbat  number. 

FenesteUa  ovatipora^  n.  sp.    Plate  II,  fig.  1. 

Zoarium  a  rapidly  expanding  reticulate  expansion;  size  unknown. 
Branches  lax,  slender,  rather  convex,  subcarinate,  somewhat  flexuous, 
0.3  to  0.4  mm.  wide,  seven  occurring  in  5  mm.  :  bif urcating  at  varions  in- 
tervais, the  average  being  about  3  mm.  Médian  keel  obsolète  or  rep- 
resented  by  a  raised  space  between  the  apertures.  Dissepiments 
rather  short,  very  narrow,  and  depressed.  Penestmles  subelliptical 
to  subquadrangular,  quite  variable  in  size,  average  dimensions  being 
about  1.1  mm.  long  by  0.4  mm.  wide,  slightly  indented  by  the  eu- 
croaching  zoecia  mouths.  Four  fenestrules  occur  in  a  space  of  5  mm. 
Zoecia  in  two  altemating  rows.  Zoecial  apertures  small,  ovate,  with 
rather  prominent  peristomes,  about  twice  their  diameter  apart,  four 
to  each  fenestrule,  seventeen  in  5  mm. 

Position  and  locality:  Upper  Coal  Measures;  Eansas  City,  Mo. 
Type  in  author's  collection. 

Ail  other  Coal  Measure  species  of  the  genus  hâve  circular  aper- 
tures. 

FenesteUa  missonHensiSf  n.  sp.    Plate  II,  fig.  2. 

Zoarium  a  rather  rapidly  expanding  foliar  network.  Branches 
rather  strong,  slightly  flexuous,  0.3  mm.  wide,  ten  in  a  space  of  5  mm. 
Dissepiments  short,  narrow,  rounded,  much  depressed.  Fenestrules 
subquadrangular  to  elliptical,  0.6  mm.  by  0.3  mm.,  slightly  indented 
by  the  zoecia  mouths,  six  and  one-half  occurring  in  5  mm.  Carina 
narrow,  rather  prominent,  slightly  flexuous,  surface  rough  but  without 
distinct  nodes.  Zoecia  in  two  altemating  rows,  nineteen  in  5  mm. 
Apertures  rather  large,  circular,  with  slight  peristomes,  a  little  more 
than  their  diameter  apart,  three  to  a  fenestrule.  Surface  covered 
with  obscure  longitudinal  striaB.     Reverse  not  seen. 

Position  and  locality  :  Upper  Coal  Measures  ;  Kansas  City,  Mo. 
Type  in  author's  collection. 

Potypora  ftspera^  n.  sp.    Plate  II,  figs.  3,  Sa. 

Zoarium  a  foliate  expansion  of  unknown  size.  Branches  rather 
strong,  quite  convex,  about  0.5  to  0.6  mm.  wide,  sometimes  less  just 
after  a  bifurcation,  six  in  a  space  of  5  mm.  Surface  very  much  rough- 
ened  by  élévations  and  dépressions.  Dissepiments  short,  rounded, 
depressed,  about  one-half  as  wide  as  the  branches.  Fenestrules  nar- 
row elliptical  or  subquadrangular,  two  in  5  mm.,  averaging  2  mm.  by 
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0.5  mm.  Zoecia  in  from  tbree  to  five  alternating  ranges,  thèse  being 
the  extrêmes  between  the  bifurcations.  The  prevailing  number  is 
four.  Apertures  small,  pyriform,  a  little  more  than  their  diameter 
apart,  about  eighteen  in  5  mm.  Eaoh  aperture  is  situated  at  the  bot- 
tom  of  a  depressed  area,  which  is  formed  by  longitudinal  ridges  be- 
tween the  ranges  and  horizontal  ridges  Connecting  thèse.  A  sloping 
area  extends  from  the  anterior  end  of  the  dépression  to  the  cell  aper- 
ture  which  is  situated  at  the  posterior  end.  On  the  longitudinal 
ridges  spines  are  regularly  arranged,  about  as  numerous  as  the  aper- 
tures.    Reverse  not  seen. 

Position  and  locality:  Upper  Coal  Measures;  Topeka,  Kan.  Type 
in  University  of  Eansas  Muséum. 

The  roughened  surface  of  the  obverse  face  serves  to  distinguish 

this  species  from   other  représentatives  of  the  genus  in  the  Coal 

Measures. 

Polypora  flexHosa,  n.  sp.    Plate  II,  fig.  4. 

Zoarium  a  slowly  expanding  foliar  network,  of  unknown  size. 
Branches  slender,  quite  flexuous,  convex,  0.3  mm.  wide,  ten  occurring 
in  a  space  of  6  mm.  Dissepiments  very  short,  nearly  as  wide  as  the 
branches,  but  slightly  depressed.  Fenestrules  narrow  elliptical  in 
outline,  averaging  0.7  mm.  by  0.2ô  mm.,  five  in  5  mm.  Zoecia  in 
three  alternating  ranges,  which  number  is  reduced  to  two  for  a  short 
distance  after  bifurcating.  Zoecial  ai)ertures  small,  subcircular,  with 
thin  peristomes,  about  twice  their  diameter  apart  longitudinally, 
twenty  in  5  mm.  Space  betweeu  the  cell  ranges  occupied  by  single 
rows  of  small  nodes  about  as  far  apart  as  the  apertures.  Reverse 
not  seen. 

Position  and  locality:  Upper  Coal  Measures;  Argentine,  Kan. 
Type  in  author's  collection. 

Differs  from  other  species  of  the  genus  in  the  flexuous  character  of 
the  branches.  No  other  Coal  Measures  species  has  so  few  zoecia 
apertures  except  P,  whitei  Ulrich,  from  which  our  species  is  easily 
distinguished.  Those  portions  of  a  branch  having  two  ranges  of 
apertures  sometimes  possess  a  faint  carina,  which  gives  it  the  appear- 
ance  of  a  Fenestella,  Hère  we  hâve  another  of  the  numerous  links 
between  Feneatella  and  Polypom,  only  one  of  which  has  heretofore 
been  described  from  the  Coal  Measures,  naraely,  P.  whitei  Ulrich, 
from  Seville,  lU. 

Polypord  elliptica^  n.  sp.    Plate  IV,  fig.  2. 
Zoarium  a  reticulate  expansion.     Branches  slightly  flexuous,  con- 
vex, 0.4  to  0.5  mm.  wide,   seven  to  eight  in  6  mm.     Dissepiments 
short,  subcarinate,  about  half  as  wide  as  the  branches.     Fenestrules 
elliptical  (especially  in  worn  spécimens),  averaging  about  0.6  by  0.3 
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mm.,  with  from  five  to  six  occurring  in  5  mm.  Zoecia  in  three  or  four 
altemating  ranges,  which  number  is  often  reduced  to  two  for  a  very 
short  distance  after  a  bifurcation.  The  typical  number  of  ranges  is 
three  when  the  central  row  forms  the  flat  médian  summit  of  the 
branoh.  In  this  case  the  number  is  increased  to  four  shortly  before 
bifurcating.  Apertures  sraall,  subcircular,  about  one  and  one-half 
times  their  diameter  apart  longitudinally.  The  rows  of  apertures  are 
separated  by  inconspicuous  undulating  ridges,  which  are  at  intervais 
elevated  to  form  small  nodes,  about  as  numerous  as  the  apertures. 
The  ridges  are  more  prominent  in  worn  spécimens.  On  the  reverse, 
the  dissepiments  and  the  branches  are  on  the  same  plane.  The  latter 
are  finely  striated. 

Position  and  localîty:  Upper  Coal  Measures;  Kansas  City,  Mo., 
Argentine,  Lawrence,  and  Topeka,  Kan.     Type  in  author's  collection. 

The  only  species  with  which  this  is  liable  to  be  confounded  is  P, 
nodocarinata  Ulrich.  In  our  species,  the  typical  number  of  zoecial 
ranges  is  three  rather  than  four.  The  branches  are  somewhat  flexuous 
and  not  straight.  The  carinate  appearance  is  not  so  marked  and  the 
nodes  are  not  so  prominent.  The  number  of  branches  and  fenes- 
truies  in  5  mm.  is  another  distinction  between  the  two  species.  This 
is  one  of  the  commonest  species  of  bryozoans  in  the  collections 
studied,  and  is  quite  variable  in  its  characters.  Some  of  the  spéci- 
mens are  much  more  closely  related  to  P.  nodocarinata  than  others. 
JPolypora  triauffularis,  n.  sp.    Plate  IV,  figs.  3-3c. 

Zoarium  a  foliar  expansion  of  unknown  size,  forming  a  loose  net- 
work. Branches  strong,  slightly  flexuous,  about  seven in  1  cm.;  cross- 
section  subtriangular,  resembling  a  sector  of  a  circle.  The  width  of 
the  branches  is  about  0.8  ram.  Obverse  side  only  moderately  convex, 
with  subangular  margins.  Dissepiments  rather  long,  of  variable 
width,  rounded,  depressed,  spreading  slightly  at  each  end  and  often 
faintly  striated.  Fenestrules  large,  subquadrangular,  as  wide  as  the 
branches,  and  about  three  times  as  long,  averaging  2.6  mm.  by  0.8  mm. 
Three  or  three  and  one-half  occur  in  a  space  of  1  cm.  Zoecia  usually 
in  five  or  six  ranges,  but  just  after  a  bifurcation  there  are  only  three 
or  four.  Apertures  circular,  with  moderately  strong  peristomes,  in- 
complète at  their  lower  margins,  likê  those  of  Thamniacua  octanarius 
Ulrich.  In  worn  spécimens  this  feature  is  not  apparent.  Apertures 
small,  from  two  to  three  times  their  diameter  apart,  about  fourteen  in 
5  mm.,  arranged  in  quite  regular  diagonally  intersecting  séries. 
Measuring  diagonally,  four  apertures  occur  in  1  mm.  On  the  reverse 
the  branches  are  subcarinate,  and  bear  a  single  row  of  prorainent 
nodes,  placed  about  one  and  one-half  times  their  diameter  apart,  with 
from  six  to  eight  for  each  fenestrule. 
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Position  and  locality  :  TTpper  Coal  Measuree  ;  Lawrence  and  Le- 
compton,  Kan.,  and  Kansas  City,  Mo.    Type  in  author's  collection. 

This  species  is  intermediate  between  P.  mbmarginata  Meek  and 
P.  distincta  Ulrich  in  several  respects.  From  the  former  it  diflfers  in 
tbe  more  elongate  form  of  the  fenestrules,  the  branches  are  snbtri- 
angular  rather  than  subpentagonal  in  cross-section,  the  reverse  side 
bears  a  row  of  nodes,  the  arrangement  of  the  apertures  is  quite  regular* 
From  the  latter  it  may  be  distinguished  by  the  less  elongate  fenes- 
truies  and  by  the  présence  of  nodes  on  the  reverse  side. 

Some  of  the  measurements  agrée  well  with  those  of  P.  crassa 
Ulrich,  but  the  apertures  of  that  species  are  doser  together,  the 
peristomes  are  complète,  and  the  branches  are  wider. 

Thamniscus  tenuiramus,  d.  sp.    Plate  II,  figs.  5-6  a. 

Zoarium  a  small  frond,  composed  of  slender  branches,  bifurcating 
at  intervais  of  about  4  mm.  Angle  of  bifurcation  between  40  deg.  and 
60  deg.  Branches  quite  convex  on  the  obverse  side,  less  so  on  the  re- 
verse side  :  0.55  mm.  wide  and  0.45  mm.  thick.  Latéral  margins  of  the 
branches  subangular  ;  also  dentate,  due  to  the  latéral  projection  of  the 
marginal  ranges  of  zoecia  apertures.  No  dissepiments  présent.  Zoe- 
cia  in  four  or  five  altemate  ranges,  thèse  being  the  extrêmes  between 
the  bifurcations.  Apertures  small,  circular,  about  twice  their  diame- 
ter  apart,  occupying  th*e  summits  of  transverse  ridges,  which  increase 
in  height  toward  the  margins  of  the  branches.  The  transverse  spaces 
between  the  apertures  are  somewhat  depressed,  giving  a  pustulose  ap- 
pearance  to  the  zoecia  mouths.  Eighteen  apertures  occur  in  a  space 
of  5  mm. 

Position  and  locality  :  Upper  Coal  Measures  ;  Kansas  City,  Mo.^ 
and  Lawrence,  Kan.    Type  in  author's  collection. 

In  some  respects  resembles  T.  divaricana  Ulrich,  from  the  Keokuk 
group,  but  the  transverse  ridges  of  that  species  are  more  prominent 
and  the  zoarium  is  much  more  robust.  T,  sevillensis  Ulrich  and  71 
octonarius  Ulrich,  from  the  Coal  Measures,  are  quite  distinct. 

ACANTHOCLADIIDiE  Zittel. 
Pintuitopora  pyrifortnipora,  n.  sp.  Plate  II,  figs.  6,  6a. 
Zoarium  a  pinnate  frond.  Midrib  slightly  flexuous,  0.5  mm.  wîde^ 
giving  ofif  on  each  side  seven  latéral  branches  in  a  space  of  5  mm. 
Pinnœ  rather  short,  two-thirds  as  wide  as  the  branches,  given  off  al- 
temately.  Obverse  face  with  a  prominent  flexuous  carina,  bearing  a 
row  of  very  small  nodes  0.4  mm.  apart.  Zoecia  in  two  alternating 
rows.  Apertures  small,  elevated,  pyriform,  with  small  end  pointing 
towards  the  base  of  the  frond,  about  twice  their  diaroeter  apart^ 
eighteen  in  5  mm.    The  apertures  are  arranged  so  that  one  is  at  the 
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smaller  angle  of  the  junction  of  tbe  pinna  with  the  brancb  and  two  in 
the  space  between. 

Position  and  locality:  Upper  Coal  Meaeures;  Argentine,  Kan. 
Type  in  author's  collection. 

Distinguished  from  ail  otber  speciee  of  tbe  genue  by  tbe  form  of 
the  zoecial  apertures. 

Pinnatopora  ptiloporoidea,  n.  sp.    Plate  III,  fig.  1. 

Description  of  reverse  side:  Zoarium  a  pinnate  frond.  Midrib 
straigbt  but  slightly  convex;  surface  apparently  smootb,  0.45  mm. 
wide.  Branches  rather  slender,  0.25  mm.  to  0.3  mm.  wide,  given  oflF 
alternately  at  an  angle  of  about  65  deg.,  six  in  5  mm.;  total  length  of 
branches  unknown,  the  longest  measuring  4  mm.,  not  appreciably  di- 
minishing  in  thickness  in  this  distance.  Branches  connected  by  non- 
poriferous  dissepiments.  Penestrules  subquadrangular,  about  as  wide 
as  the  branches,  length  varying  from  1  to  2.5  mm. 

The  obverse  side  of  a  spécimen,  probably  of  this  species,  bas  been 
observed,  but  in  such  poor  préservation  as  not  to  warrant  a  description 

Position  and  locality:  Upper  Coal  Measures;  Lawrence,  Kan. 
Type  in  author's  collection. 

Resembles  P.  intermedia  Ulrich  and  P,  siinulatrix  Ulrich,  from 
the  Waverly  group,  of  Ohio,  in  having  the  latéral  branches  connected 
by  dissepiments,  but  bas  the  branches  nearôr  together.  From  the 
latter  it  differs  in  having  the  midrib  and  the  branches  nearer  equal  in 
width.  As  the  gênerai  appearance  of  the  zoarium  is  much  like  that 
of  Pinnatopora,  it  is  referred  to  that  genus. 

Vinmitopora  mtiUipora^  n.  sp.    Plate  III,  figs.  2,  2a. 

Zoarium  a  rather  large  pinnate  frond.  Midrib  straight,  0.5  mm. 
wide,  giving  off  on  each  side  four  branches  in  5  mm.  Pinnae  long  and 
slender,  about  0.3  mm.  wide,  given  off  subaltemately,  at  an  angle  of 
about  75  deg.  Zoecia  in  two  altemating  rows.  Apertures  small,  sub- 
circular,  about  their  diameter  apart,  seventeen  in  5  mm.  One  aper- 
ture  occurs  at  the  small  angle  of  the  pinnœ  with  the  midrib,  and  five 
in  the  space  between.  Reverse  face  covered  with  fine  longitudinal 
strise  and  circular  pores,  with  moderately  well  defined  peristomes. 
Obverse  face  not  seen. 

Position  and  locality  :  Upper  Coal  Measures  ;  Eudora,  Douglas 
county,  Kansas.     Type  in  author's  collection. 

Of  other  species  occurring  in  the  Coal  Measures,  it  most  nearly  re- 
sembles P,  trilineata  Meek,  differing  from  it  mainly  in  having  five 
apertures  instead  of  two  in  the  space  between  the  apertures,  occur- 
ring at  the  junction  of  the  pinnse  with  the  midrib. 
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Sej}fopora  interporata,  n.  sp.    Plate  III,  fîgs.  3,  3a. 

Zoarium  a  small  pinnate  frond.  Midrib  straight,  rather  slender, 
0.6  mm.  wide,  with  a  prominent  subangular  médian  carina,  bearing 
small  nodes  stationed  at  distances  of  0.3  to  0.4  mm.  apart.  Latéral 
branches  also  carînate,  about  one-half  as  wide  as  the  midrib,  sepa- 
rated  by  interspaces  a  little  more  than  their  width  apart,  almost  op- 
I)osite  on  the  two  sides,  five  in  5  mm.;  whole  surface  covered  with 
obscure  longitudinal  striœ.  Apertures  rather  large,  slightly  oval, 
separated  by  a  space  about  equal  to  their  diameter,  nineteen  in  5 
mm.  Between  the  apertures  are  situated  accessory  pores,  which  are 
<;ircular,  with  their  diameter  about  equal  to  one-third  the  length  of  the 
apertures.  Dissepiments  short,  with  from  two  to  six  apertures.  Re- 
verse not  seen. 

Position  and  locality:  Upper  Coal  Measures;  Argentine,  Kan. 
Type  in  author's  collection. 

Differs  from  5.  pinnata  Ulrich,  which  it  resembles,  in  havîng  the 
latéral  branches  straighter  and  more  regular.  The  accessory  pores 
are  much  more  fréquent,  there  almost  always  being  one  between  two 
successive  apertures. 

Acanthociadia  pinnata,  n.  sp.    Plate  III,  figs.  4,  4a. 

Zoarium  a  pinnate  frond;  total  size  unknown.  Primary  branch 
0.6  to  0.7  mm.  wide,  giving  off  on  each  side  five  branches  in  5  mm. 
Pinnœ  0.5  mm.  wide  ;  length  unknown  ;  sorae  are  at  least  5  mm.  long. 
Obverse  face,  with  two  alternating  rows  of  zoecia  apertures  on  the 
midrib,  the  space  between  which  is  occupied  by  small  nodes  placed 
at  irregular  intervais.  There  are  three  or  four  ranges  of  apertures  on 
the  pinnœ.  Apertures  small,  oval,  with  moderate  peristomes,  a  little 
more  than  their  diameter  apart.  Surface  where  not  wom  covered 
with  small  granules  and  fine  longitudinal,  undulating  striae.  Reverse 
not  seen. 

Position  and  locality  :  Upper  Coal  Measures  ;  Kansas  City,  Mo. 
Type  in  author's  collection. 

A,  fruticosa  Ulrich  has  oval-shaped  apertures,  arranged  in  deep 
furrows,  and  a  more  robust  zoarium. 

jRIiombocifKlia,  d.  gen. 

Zoaria  dichotomously  dividing  stems,  poriferous  on  one  side  only. 
Stems  compressed,  without  latéral  branches.  Zoecial  tubes  very  long, 
with  thin  walls.  Arising  near  the  reverse  side,  they  are  first  recum- 
bent,  then  curve  upward  and  meet  the  poriferous  surface  at  an  angle 
of  about  60  deg.,  increasing  in  size  and  the  walls  becoming  thicker  at 
the  same  tirae.  Primitive  portions  of  the  zoecia  elongate  subquadrate 
in  outline.  Apertures  subelliptical,  with  ridge-like  interspaces,  ar- 
ranged in  several  altemate  longitudinal  ranges  ;  also  in  diagonally  in- 
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tersecting  séries.    The  reverse  surface  is  smooth.    Mesopores  and 
hemisepta  apparently  absent. 

The  systematic  position  of  this  genus  is  somewhat  in  doubt.  The 
obverse  side  of  the  spécimens  closely  resembles  that  of  some  species 
of  Rhomhopora,  but  the  zoecial  tubes  and  the  form  of  the  zoarium  are 
quite  différent  from  that  genus.  It  is  provisionally  referred  to  the 
Acanthocladiidœ. 

JRhofHbocUidia  delicata,  n.  sp.    Plate  I,  figs.  1-ld. 

Zoarium  a  long,  slender  compressed  stem,  dividing  dichotomously 
at  distant  intervais.  Stem  subacutely  elliptical  in  cross-section,  0.7 
to  0.8  mm.  wide  and  0.4  mm.  thiok.  Zoecia  in  about  eight  alternating 
ranges,  also  arranged  in  regularly  intersecting  séries.  Apertures  sub- 
elliptical,  with  ridge-like  interspaces,  giving  them  the  rhombic  or 
hexagonal  appearance  of  the  apertures  of  Rhomhopora,  Measuring 
longitudinally,  five  apertures  occur  in  a  space  of  2  mm.,  and  four  in 
1  mm.  measuring  diagonally.  Acanthopores  of  small  size  présent  at 
the  cell  angles.  Reverse  side  smooth.  The  primitive  portions  of 
the  zoecia  are  usually  visible  from  this  side.  The  spécimens  usually 
adhère  to  the  matrix  on  the  obverse  side. 

Position  and  locality:  Upper  Coal  Measures;  Eudora  and  Law* 
rence,  Kan.,  and  Kansas  City,  Mo.     Type  in  author's  collection. 

Occurs  in  the  lola  limestone*  (No.  98,  Broadhead^s  Gen.  Sect.  of 
the  Coal  Measure  rocks  of  Missouri)  at  Kansas  City,  Mo.,  associated 
with  the  foUowing  species:  Cyatodictya  inequimarginata,  n.  sp., 
antea  ;  C.  divisa,  n.  sp.,  antea  ;  Fenestella  limhata  Foerste  ;  F.  remota 
Poerste;  F,  ahumardiVrovii^  F.  ovatipora.n.  Bp.jBJxiesi',  Polypora 
suhmarginata  Meek;  TAaminiscus  tenuiramus,  n.  ep.,  antea;  and 
Chainodictyon  laxum  Foerste. 

Univbrsitt  of  Kansas,  Lawrence,  Jannary,  1900. 
*Hawortb  and  Kirk,  this  journal,  toI.  II,  p.  109. 


PLATE    I. 

♦Fig.  1. — Rhombocladia  delicata  Bogers. 

1.  A  specimén,  natural  size. 
la.    Cross-section  of  same,  X^* 
15.   Horizontal  section,  X^- 

le.   Vertical  section,  X  ^«   (This  figure  isupsidedown.  It  is  an  oblique 

section,  so  that  openings  of  the  zoecial  tubes  are  not  shown.) 
Xd,  Portion  of  reverse  surface,  X^* 
Fig.  %—Cy8todictya  inequimarginata  Rogers. 

2.  Spécimen,  natural  size. 

2a,  Transverse  section  of  same,  X«^- 
26.   Portion  of  surface,  X  27. 
Fig.  3.—Streblotrypa  ulrichi  Rogers. 

3.  A  spécimen,  natural  size. 
3a.  Portion  of  stem,  X27. 

Fig.  ^.^Fenestella  hexagonalis  Rogers. 

4.  Obverse  side,  X27.     (The  nodes  are  hardly  prominent  enough.) 
4a.   Reverse  side,  X^T.    (The  nodes  should  cover  ail  the  elevated  part 

of  the  drawing.) 
Fig.  5,^Fene8tella  dentaia  Rogers. 

5.  Obverse  side,  X  27. 

5a.   Profile  view  of  a  branch,  to  show  dentate  appearance  of  carina,  X  27. 
Fig.  6,—Fene8tella  kansasensia  Rogers. 

6.  Obverse  side,  X  27. 

*WheD  theee  figures  were  made,  the  obverse  side  of  the  species  had  not  been  seen;  conse- 
qaently  no  drawing  of  it  appear. 
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PLATE    II. 

Fig.  1. — Feneatella  ovatipora  Rogers. 

1.  Obveree,  X27. 

Fig.  2,—Fene8tella  miaaouriensia  Rogers. 

2.  Obverse,  X27. 

Fig.  3. — Polypora  aapera  Bogers. 

3.  Portion  of  zoarium,  X6. 

3a.   Obverse  face  of  portion  of  branch,  X^* 
Fig.  ^.—Polypora  flexuoaa  Rogers. 

4.  Obverse,  X  27. 

Fig.  5. — Thamnisctis  tenuiramus  Rogers. 

5.  Spécimen,  natural  size. 
5a.   Obverse  face,  X  27. 

Fig.  6,—Pinnatopora  pyriformopora  Rogers. 

6.  Spécimen,  natural  size. 
6a.   Obverse  face,  X  27. 
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PLATE    III. 

Fig.  1,—Pinnatopora  ptiloporoidea  Rogers. 

1.  Reveree,  XlO. 

Fig.  2. — Pinnatopora  multipora  Rogers. 

2.  Spécimen,  natural  size. 
2a.  Horizontal  section,  X  27. 

Pig.  3.—Septopora  interporata  Rogers. 

3.  Spécimen,  natural  size. 

3a.  Obverse,  X^*    (The  apertures  are  a  little  too  far  apart.) 
Fig.  ^,—Acanthocladia  pinnata  Rogers. 

4.  Spécimen,  natural  size. 
4a.  Obverse,  X27. 

Fig.  ^,—CyBtod%ctya  divisa  Rogers. 

5.  Spécimen,  natural  size. 

5a.  Transverse  section  of  several  hemibranches,  X  ^' 

56.  Horizontal  section,  X 10. 

5c.  Vertical  section,  X27. 

5d.  Non-poriferous  surface  of  a  hemibranch,  X  ^- 


KIan.  Univ.  Quar.,  Vol.  IX,  Séries  A. 


PLATE  III. 


a-K.U.Qr.    A-ixl 


PLATE    fV.* 

Fig.  1,—Strehlotrypa  striatopora  Rogers. 

1.  Surface  of  a  branch,  X^-    (The  arrangement  of  the  apertures  is  a 

little  too  regular.) 
Fip.  2. — Polypora  elliptica  Rogers. 

2.  Portion  of  obverse,  X  27. 
Fig.  Z.--Polypora  triangularia  Rogers. 

3.  Obverse  surface  of  a  branch,  X  27.    (  Diagonal  arrangement  of  the 

apertures  is  not  so  marked.) 
3a.  Portion  of  the  zoarium,  X7. 
36.   Part  of  the  reverse,  X6. 
3c.   Cross-section  of  branch,  enlarged. 
Fig.  i,—Stenopora  spiasa  Rogers. 

4.  Zoarium,  natural  size. 
4a.  Surface,  X  27. 

46.  Cross-section  of  branch,  X13,  showing  the  thickened  zoecial  walls. 
Fig.  5.—  Stenopora  apinuloaa  Rogers. 

5.  Surface,  X  27. 

*The  drawings  of  tbis  plate  are  semi-diafframmatic. 
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TWO  NEW  OBINOIDS  FEOM  THE  KANSAS  OAEBONIFEROUS. 


Oontribation  from  the  Faleontological  Laboratory  Ho  63. 


BY   J.  W.  BEEDE. 

With  Plate  V. 

Scaphiocrinua  f  washburni^  n.  sp.    Plate  V,  figs.  2,  2a. 

/^ ALYX  broadly  obconical,  somewhat  wîder  than  high,  rather  stout, 
^^  and  smooth.  Infrabasals  rather  large,  bent  upward  at  outer  end, 
exterior  outline  pentagonal,  plaînly  visible  in  the  side  vîew  of  the 
calyx,  well  defined.  Column  large,  circular,  composed  of  alter- 
nately  thick  and  thin  pièces,  the  outer  half  of  the  sutures  radially 
milled,  the  médian  canal  of  moderate  size.  Basala  large,  three  hex- 
agonal, and  the  posterior  and  right  posterior  ones  heptagonal  for  the 
réception  of  the  anals  ;  the  plates  are  nearly  ail  equal,  and  the  sutures 
are  placed  in  a  shallow,  rounded  fuirow,  which  in  branching  at  the 
angles  of  the  plates  gives  them  a  rounded  appearance,  so  that  the 
plates  appear  subsemicircular  in  outline.  The  radiais  are  the  lar- 
gest  plates  of  the  calyx,  ail  pentagonal,  ail  about  equal,  save  the  right 
posterior,  which  is  smaller  than  the  rest  ;  the  entire  surface  trun- 
cated  above,  edge  slightly  beveled,  wider  than  high,  entire  upper 
surface  f aceted  ;  the  transverse  ridge  is  milled,  the  latéral  corners  of 
the  plates  drawn  in,  apparently  leaving  a  pore  which  connected  with 
the  body  cavity  of  the  calyx  ;  there  is  a  dorsal  canal  piercing  the  up- 
per surface  of  the  plates  ;  the  inner  edges  of  the  plates  are  drawn  in  at 
the  center  and  extend  in  the  form  of  a  ridge  to  the  canal.  Costals 
1x5,  about  half  the  size  of  the  radiais,  pentagonal.  Une  of  articulation 
with  the  radial  gaping,  latéral  edges  constricted  and  apparently  not  in 
contact,  about  twice  as  wide  as  high.  The  first  interradial  is  large 
and  situated  well  down  in  the  cup,  supported  by  the  posterior  basai 
and  the  one  at  its  right,  on  the  sides  by  the  spécial  anal  and  the  right 
posterior  radial,  and  supports  another  anal  above  it  on  its  truncated 
top.  The  spécial  anal  is  moderately  large  and  hexagonal,  bounded  on 
the  right  by  the  two  interradiais,  below  by  the  truncated  upper  surface 
of  the  posterior  basai,  on  the  left  by  the  left  posterior  radial  and  the 
space  between  it  and  the  costal;  it  is  about  half  within  the  calyx. 
Above  the  first  interradial  is  a  second,  somewhat  smaller,  pentagonal 
plate  which  is  about,  or  a  little  less  than,  half  within  the  calyx.    This 
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plate,  together  with  the  spécial  anal,  supports  the  posterîor  portion  of 
the  ventral  sac  (apparently  two  columns  of  plates),  whicb  seems  to  be 
comiKJsed  of  rather  stout  five-  to  seven-sided  plates,  with  no,  or  very 
small,  pores  at  the  angles  ;  they  hâve  a  botrioidal  surface.  At  one 
side  and  on  the  top  of  the  sac  there  seems  to  be  a  madreporite  plate 
pierced  by  good-sized  pores.  The  sac  was  apparently  about  the  size 
of  the  calyx,  or  perhaps  the  calyx  and  costals  together.  Arm  plates 
rounded  on  the  exterior,  not  at  ail,  or  very  slightly,  wedge-shaped  at 
the  base,  aud  moderately  stout.  Pinnulœ  présent  and  of  moderately 
good  size. 

Measarements.  Height.  Width. 

Column 8  mm. 

Infrabasals 3  mm.         5    ** 

Basais 10    »*  11    •* 

Radiais 8    '*  14    **    (right  posterior  smaller). 

First  interradial 8    "  9è  ** 

Second  interradial 5    *•  6    •* 

Spécial  anal 8    »'  8    ** 

Costal 6    *•  11    ** 

Calyx 17    "  28    '* 

Position  and  locality  :  Upper  Coal  Measures  ;  Topeka,  Ean.,  from 
the  horizon  of  the  Osage  coal.  Now  in  the  collection  of  Washburn 
Collège,  in  honor  of  which  it  is  named. 

The  species  seems  to  belong  to  the  Poteriocrinoidea,  though  there 
is  some  difficulty  in  locating  it  generically,  as  it  seems  to  combine 
some  of  the  characters  of  several  gênera.  It  agrées  with  Homocrinus 
in  having  a  round  dorsal  canal  piercing  the  first  radiais,  but  diflfers 
from  it  in  that  it  has  pinnules,  a  robust  calyx,  and  the  entire  top  of 
the  radiais  truncated.  According  to  the  définition  of  Poteriocrinus, 
the  présence  of  the  round  dorsal  canal  in  the  radiais  removes  it  from 
that  genus,  as  would  also  the  f act  that  the  facets  of  the  radiais  face 
upwards  rather  than  outwards.  It  difiFers  from  Scaphiocrinus  in 
having  a  circular  column,  and  the  fact  that  the  transverse  ridge  does 
not  occupy  nearly  the  whole  of  the  upper  surface  of  the  radiais  and 
the  brachials  are  not  long.  However,  it  agrées  in  other  respects  with 
this  genus  better  than  any  other,  and  it  is  provisionally  referred  to  it. 

Zeacrinuaf  robuetua,  n.  sp.  Plate  V,  figs.  1,  la. 
Calyx  shallow,  saucer  shaped  or  nearly  flat,  unsymmetrical,  five  or 
six  times  as  broad  as  high,  deeply  concave  at  the  base;  plates  tumid, 
and  the  sutures  are  in  dépressions  ;  surface  finely  granular.  Infra- 
basals five,  equal,  half  concealed  by  the  column,  deeply  concave  and 
superior  to  the  basais,  forming  a  large  élévation  in  the  interior  of  the 
cup,  nearly  one-fourth  its  entire  width  and  fuUy  one-half  its  height  ; 
column  round,  composed  of  thin  plates,  which  are  carinated,  and  the 
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sutures  are  crenulated;  the  canal  is  round  and  small.  Basais  five, 
large,  tumid,  three  hexagonal  and  two  heptagonal,  unequal,  sîtuated 
below  the  infrabasals  and  forming  a  large  part  of  the  real  body  cavîty 
of  the  cup.  The  three  anterior  basais  are  equal,  about  as  broad  as 
high,  very  convex,  the  i)osterîor  one  compressed  laterally,  superior 
latéral  edges  longer  than  the  others  ;  truncated  side  for  the  support  of 
interradial  short,  side  next  the  radianal  long  ;  the  right  x>osterior  ba- 
sai heptagonal  very  broad,  lef t  posterior  side  very  long,  side  adjacent 
for  the  réception  of  the  radianal  very  short,  the  latter  being  situated 
between  the  posterior  basai  and  the  right  posterior  radial.  Radiais 
five,  large,  very  moderately  ascending,  placed  superior  to  the  basais, 
five-  to  seven-sided,  quite  massive,  more  than  twice  as  large  as  the  ba- 
sais, convex,  twice  as  wide  as  high,  upper  exterior  portion  much  bev- 
eled  and  concave  ;  plates  separated  at  the  corners  and  of  ten  along  the 
line  of  union  ;  at  the  upper  union  there  seems  to  be  an  opening  that 
communicates  with  the  calyx  cavity  between  the  arms  ;  right  and  left 
posterior  radiais  f orced  apart  f  uUy  one-half  the  diameter  of  either  by 
the  interradial  and  radianal  ;  the  upper  surface  is  faceted  the  entire 
width  of  the  plate,  two  extemal  ridges  présent  and  milled  ;  the  re- 
mainder  of  the  surface  is  nearly  flat  or  a  little  concave  ;  the  plane  of 
thèse  surfaces  is  not  horizontal  but  the  inner  side  of  each  is  higher 
than  the  outside,  so  that  if  each  were  produced  inward  they  would 
f orm  rather  an  obtuse  cône  ;  the  inner  notch  occupies  about  a  third 
of  the  upper  surface  of  the  plate.  Radianal  long,  coffin-shaped,  curv- 
ing  upward  above,  about  twice  as  long  as  wide,  pentagonal,  side  ad- 
jacent to  the  right  radial  much  the  longer  ;  the  superior  side  supports 
an  anal  wbich  is  hexagonal,  very  thick,  six-faceted  above,  touching 
right  radial  for  a  short  distance,  one  and  one-half  times  as  high  as 
wide,  widest  above,  mostly  without  the  calyx.  Anal  large,  heptagonal, 
very  thick,  one-third  within  the  calyx,  broadest  above  ;  height  one  and 
one-half  times  the  width. 

A  portion  of  the  vault  of  this  spécimen  remains,  somewhat  crushed 
down  înto  the  calyx.  It  appears  to  hâve  been  in  the  form  of  a  pyra- 
mid,  about  as  broad  as  high,  composed  of  rather  heavy  plates,  which 
were  rather  rough.  It  appears  to  hâve  been  rather  angular,  though 
it  may  hâve  been  conical.  Several  rather  irregular  plates  are  pre- 
served,  three  of  which  seem  to  be  from  around  the  aperture  ;  they  are 
rather  massive,  five-  or  six-sided,  nearly  smooth  on  the  exterior  ;  artic- 
ular  surfaces  are  deeply  faceted  and  roughened,  while  the  articular 
surfaces  of  the  other  plates  of  the  sac  are  milled. 

Measuroments.  Height.                    Width. 

Column  segments 1  to  IJ  mm.  4}  mm. 

Infrabasals 4      "  3      •* 

Three  anterior  basais 8      "  9      ** 
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Measurements. 

Right  posterior  basai 

Posterior  basai 

Radial 

Radianal 

Interradial 

Anal 

Calyx 


eiffht. 

Width. 

9imm. 

11   mm 

9      »» 

7J    " 

9      " 

19      •* 

8è    " 

4è    " 

7}    - 

5i    " 

8      " 

4}    " 

7      " 

36      *• 

Position  and  locality  :  The  spécimen  is  labeled,  "  Prom  the  Upper 
Coal  Measures  ;  Eansas  City/'    University  of  Eansas  Muséum. 

It  is  impossible  to  locate  the  spécimen  generically  with  any  degree 
of  certainty  without  more  of  the  spécimen  preserved.  The  ventral 
sac  seems  to  hâve  been  angular  and  the  stem  round.  Por  this  rea- 
son  it  is  left  with  Zeaerinus,  The  upper  extremities  of  the  radiais 
do  not  meet,  but  leave  a  small  aperture,  which  seems  to  communicate 
in  life  with  the  gênerai  body  cavity.  I  know  of  no  Coal  Measures 
crinoid  with  which  it  is  likely  to  be  confounded. 

Januabt,  1900. 
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SOME  FISH  TEETH  FEOM  THE  KANSAS  OEETAOEOUS. 


Oontribntion  from  the  Faleontologioal  Laboratory  No.  54. 


BY   s.   W.   WILLISTON. 
With  Plates  VI  to  XIV,  indosive. 

I^HE  foUowing  notes  and  descriptions  of  varions  pycnodont  and 
-  selachian  teeth  from  the  Kansas  Cretaceous  are  the  resuit  of  an 
endeavor  to  détermine  the  material  in  the  University  Muséum  which 
has  accumulated  in  the  last  ten  years,  supplemented  by  a  collection 
kindly  loaned  me  for  study  by  Mr.  T.  W.  Stanton,  of  the  National 
Muséum.  The  material  is  by  no  means  exhaustive,  nor  even  sufficient 
to  settle  several  doubtful  points,  but  I  trust  that,  incomplète  as  it  is, 
it  will  be  of  service  for  a  more  thorough  study  in  the  future.  As  a 
ndeans  to  this  end  I  hâve  figured  f uUy  neariy  every thing  that  has  been 
€xamined. 

"The  spécifie  détermination  of  the  detached  teeth  of  sharks  and 
skates  is  little  more  than  guesswork,  and  to  décide  upon  their  generic 
relationships  with  any  approach  to  cerlainty  is  also  often  very  diffi- 
oult."* 

Nevertheless,  because  such  detached  teeth  are  so  often  found,  and 
connected  séries  so  very  rarely,  an  attempt  at  their  détermination  is 
désirable.  Fortunately,  in  the  présent  collection  there  are  several 
forms  represented  by  such  complète  spécimens,  that  the  positive  ad- 
dition they  afford  to  the  knowledge  of  the  species  and  gênera  is  very 

welcome. 

PYCNODONTID^. 

The  pycnodonts  are  a  peculiar  group  of  ganoid  fishes,  whose 
remains  hâve  been  found  in  the  Jurassic,  Cretaceous  and  Eocene 
deposits  of  Europe,  North  America,  Asia,  and  Australia.  They  are 
ail  rather  small  fishes,  very  much  flattened  and  oval  in  shape,  covered 
with  rhomboidal  sentes  having  close-lying  spines,  which  give  a  ribbed 
appearance.  The  united  palatinp  and  vomer  of  the  upper  jaws  are 
provided  with  five  rows  of  round  or  oval,  smooth-pavement  teeth  ;  the 
premaxillary  with  two  oi  four  chisel-like  teeth.  The  dentaries  below 
hâve  a  like  number  of  teeth,  similar  to  those  of  the  premaxillary, 

•  Woodward  :  Proe.  Oeol.  Âun.,  XIII.  190. 

[27J-K.U.Qr.-A  ix  1-Jan.  »00. 
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while  on  the  splenial  there  are  three,  foor  or  five  rows  of  pavement 
teeth  aimilar  to  those  of  the  vomer. 

Cteiodtuf  brownii.    Plate  VI.  fig.  12. 
Cœlodus  brownii  Cope,  Joum.  Acad.  Nat  Sci.  Phil.  IX,  447,  pi.  XX,  f.  19. 

A  frafçment  of  the  left  lower  jaw,  containing  two  rows  of  teeth,  the 
middle  and  the  inner.  There  are  foar  crowns  preserved  on  the  inner 
row,  nearly  corresponding  in  length  with  the  six  teeth  of  the  middle 
row,  of  whîch  only  two  hâve  the  crowns  preserved.  Cope's  type  .had 
only  the  middle  and  extemal  rows,  and  none  of  the  teeth  had  well- 
preserved  crowns.  The  middle  teeth  seem  to  correspond  exactly  in 
size  with  the  types. 

On  the  inner  side  the  jaw  projects  as  a  rather  broad  trough,  with 
a  thin  edge,  apparently  broader  posteriorly  than  anteriorly.  lis  width 
hère  is  nearly  as  great  as  the  width  of  the  inner  row  of  teeth.  The 
inner  teeth  are  large,  their  width  equal  to  nearly  half  their  length. 
The  surface  of  the  crowns  is  smooth  and  convex,  more  so  antero- 
posteriorly  than  transversely.  The  middle  row  has  the  teeth  placed 
a  little  obliquely  to  the  others,  and  the  surface  is  more  flattened  trans- 
versely in  the  middle.  The  axes  of  the  crowns  of  the  two  rows  are 
placed  at  a  distinct  angle  with  each  otber. 

Length  of  four  teeth,  inner  row 36  mm. 

Transverse  diameter  of  crowns,  inner  row 17    ** 

Length  of  five  teeth,  middle  row  31    *' 

Transverse  diameter  of  crowns,  middle  row 12   ** 

Thickness  of  jaw,  at  middle  row  of  teeth 22    *' 

The  spécimen  was  collected  from  the  Kiowa  shales  near  Belvidere^ 
by  Mr.  C.  N.  Gould. 

CœloauH  Mtantoni,  n.  sp.    Plate  VI,  fig.  12;  plate  VIII,  fig.  6. 

A  fragment  of  the  right  lower  jaw,  containing  two  perfect  crowns 
of  the  internai  row,  together  with  the  bases  of  four  teeth  of  the  middle 
row,  evidently  represents  a  species  distinct  from  the  préviens  one. 
The  teeth  are  much  smaller  in  size,  more  elongated  and  distinctly 
kidney-shaped,  the  ends  narrowed.  The  surface  is  smooth,  strongly 
convex  antero-posteriorly,  and  gently  so  from  side  to  side.  The  jaw  is 
mnch  less  robust  than  in  the  preceding  species. 

Transverse  diameter  of  tooth,  internai  row 14  mm. 

Antero-po»terior  diameter  of  same ôj  •* 

Length  of  four  teeth,  middle  row 17    ** 

Transverse  diameter  of  tooth,  middle  row 11    ** 

The  middle  teeth  seem  to  be  larger  in  proportion  to  those  of  the 
internai  séries  than  in  the  preceding  species.     Kiowa  shales. 
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Mesodon  abrasus. 

Meëodon  abrastui  Cragin,  Colorado  Collège  Studiea,  V,  1894. 

"This  naine  is  proposed  for  certain  pycnodont  teeth  of  low,  rhom- 
boidal  form  and  feebly  convex  upper  surface  which  occur  in  No.  3 
of  the  Belvidere  section,  southwest  of  the  Belvidere  railroad  station, 
and  seem  to  agrée  with  the  large  mandibular  teeth  of  Mesodon.  The 
spécifie  name  refers  to  the  occurrence  in  the  type  species  of  two 
small,  oblique  facets  produced  at  one  end  by  attrition.  The  type  has 
a  height  (above  root)  of  3mm.,  a  length  of  13  mm.,  and  a  breadth  of 
S  mm." 

^'To  the  vomerine  set  of  the  same  species  may  belong  the  rotund, 
oval  or  nearly  hemispherical  teeth  of  similar  height  but  smaller  size, 
which  occur  not  uncommonly  at  the  same  locality  and  horizon,  the 
largest  now  available  example  of  which  measures  about  6  and  7  mm. 
in  major  and  minor  horizontal  diameters." 

In  the  National  Muséum  collection  there  are  several  teeth,  occur- 
ring  singly,  corresponding  to  the  vomerine  teeth  described  by  Cragin. 
That  they  belong  with  the  other  teeth  there  described  is  very  doubt- 
fui — indeed  it  is  doubtful  whether  the  other  teeth  belong  with 
Mesodon,  since  it  is  impossible  to  locate  the  genus  from  single  teeth. 
It  is  not  at  ail  imx)ossible  that  the  vomerine  teeth  are  identical  with 
Cope's  M,  diastematicus,  The  larger  teeth  may  be  the  same  as  those 
of  either  the  above-described  species  of  Cœlodus, 

The  largest  of  the  spécimens  in  the  présent  collection  measures 
10  by  7|  mm.  ;  several  smaller  examples  hâve  diameters  of  6  and  5  mm. 
(SeeplateXII,  fig.  4.) 

LEPIDOSTEIDiE. 
Lepidotus,  sp. 

In  the  National  Muséum  collection  there  is  a  single  example  of  a 

Bcute  pertaining  to  some  lepidotid  fish  (No.  1063,  Kiowa  shales). 

C5ope  has  described  Macrepistius  of  this  family  from  a  stratum  be- 

tween  the  Upper  and  Lower  Trinity  Sands  of  Texas.    It  seems  very 

probable  that  the  teeth  referred  to  the  vomer  of  Mesodon  abrasus  really 

belong  hère. 

MYLIOBATID^. 

Ptychodus  eigassiz. 

Teeth  with  the  crown  more  or  less  elevated  and  overhanging,  orna- 
mented  with  transverse  or  radiatingridges,  and  surrounded  by  a  larger 
or  smaller,  finely  marked  marginal  area.     Surface  of  the  root  sroooth. 

This  genus  of  Upper  Cretaceous  selachians  was  for  a  long  time 
placed  among  the  cestracionts,  but  récent  discoveries  of  the  nearly 
complète  dentition  render  it  more  probable  that  the  proper  location 
is  with  the  Myliobatidœ.    The  living  Myliobatidœ,  or  sea-devils,  are 
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broad,  flat  fishes,  allied  to  the  rays,  with  a  disk-like  body.  Many  at- 
tain  an  enormous  size,  fifteen  or  twenty  feet  in  length,  and  weigh  a 
thousand  pounds  or  more.  In  some  the  pectoral  fins  take  on  almost 
the  charaoter  of  limbs,  and  are  said  to  be  used  in  scooping  up  their 
food  and  transferring  it  to  the  mouth.  The  teeth  are  flat  and  pave- 
ment-like,  and  are  used  for  crushing  orabs  and  shell-fish.  They  are 
viviparous,  and  for  the  most  part  live  in  tropical  or  semitropical 
waters. 

The  teeth  in  Ptychodus  are  not  less  than  500  in  number  in  each 
jaw,  at  least  in  some  species.  They  are  arranged  in  parallel  rows,  de- 
creasing  in  size  from  within  outward,  except  that  in  the  supposedly 
upper  jaws  the  médian  row  is  composed  of  small,  low  and  smooth 
teeth,  very  much  unlike  the  immediately  adjacent  ones.  In  P,  mor- 
toni  there  are  eight  rows  on  either  side  of  this  médian  row,  or  seven- 
teen  in  ail.  The  latéral  teeth  become  more  transversely  elongated^ 
the  surface  markings  less  conspicuous,  and  the  form  more  unsymraet- 
rical.  About  fifteen  species  of  thegenus  hâve  so  far  beendiscovered^ 
ail  from  the  Upper  Cretaceous.  One  or  two  species,  includiug  our 
most  common  one,  hâve  been  discovered  in  both  Europe  and  North 
America,  and  it  is  not  improbable  that  the  identity  of  yet  others  will 
be  established  when  they  are  better  known.  The  teeth  vary  so  much 
in  size  and  shape  in  the  same  individual  that  the  identification  from 
single  spécimens  is  often  impossible  or  a  matter  of  great  uncertainty. 

rtychoduH  movtoni.    Plate  VII;  plate  VIII,  fig.  1;  plate  IX. 

PtychoffuH  morfoT}/  (Man tell)  MortoD,  Journ.  Acad.  Nat.  Sci.  Phil.  VIII,  215» 
pi.  X,  f.  7;  Agassiz,  Poiss.  Foss.  III,  158,  pi.  XXV,  fip.  1-3;  Leidy,  Proc. 
Acad.  Nat.  Sci.  Phil.  1868,  205;  Ext.  Vert.  Fauna,295,  pi.  XVIII,  flf.  1-14: 
Cope,  Cret.  Vert.  294;  Woodward,  Quart.  Journ.  Geol.  Soc.  XLIII,  130; 
Cat.  Foss.  Fishes  Brit.  Mus.  I,  159;  Proc.  Geol.  Assoc.  XIII,  191,  pi.  V, 
f.  4— Alabama,  Mississippi,  Niobrara  bf  Kansas,  English  Chalk. 

This  species  is  the  most  common  one  of  this  genus  in  the  Kansas 
Cretaceous,  occurring  only  in  the  Niobrara  beds,  so  far  as  I  am  aware,. 
and,  for  the  most  part  at  least,  in  the  lower  part  of  the  beds.  I  hâve 
before  me  at  the  présent  time  two  excellent  séries  of  teeth  of  thi& 
species;  one,  including  about  eighty  teeth,  obtained  from  the  estate 
of  the  late  Joseph  Savage  ;  the  other  coUected  in  the  vicinity  of 
Castle  Rock,  in  Trego  county,  by  Prof.  E.  S.  Rose — an  exceedingly 
interesting  spécimen,  because  most  of  the  teeth  are  in  place  in  the 
matrix.  A  number  of  the  teeth  of  the  Savage  spécimen  hâve  been 
arranged  serially  and  photographed  in  plate  VII.  Of  course  the  ar- 
rangement is  not  the  natural  one,  but  the  plate  will  show  in  an  excel- 
lent way  many  of  the  characters  of  the  teeth  better  than  they  can  be 
described.  In  plates  VIII  and  IX  are  given  three  views  of  portion» 
of  the  Rose  spécimen  ;  that  of  plate  VIII  (fig.  1)  shows  a  little  more 
than  one-half  of  the  upper  view.     One  end  (the  left  of  the  figure)  has 
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been  folded  undemeath  obliquely.  This  folded  end  is  shown  in  plate 
IX,  fig.  1.  Figure  2  of  the  same  plate  gives  a  view  of  a  transverse 
séries,  as  arranged  from  the  loose  teeth  taken  from  the  right  end  of 
the  spécimen — the  one  that  protruded  from  the  chalk  when  discovered. 
About  480  teeth,  ail  told,  were  obtained,  and  doubtless  not  a  few  had 
been  lost  before  the  spécimen  was  discovered.  The  set  is  referred  to 
the  upper  jaw,  on  the  supposition  of  Woodward  that  the  small  mé- 
dian teeth  belong  in  this  jaw. 

Not  a  trace  of  osseous  substance  is  preserved  in  the  spécimen. 
The  cartilage  of  the  sharks'  jaws  is  often  preserved  in  a  soft,  calcified 
condition,  but  it  is  évident  that  the  material  in  which  the  teeth  of 
Ptychodus  were  lodged  was  of  a  more  perishable  nature,  accounting 
doubtless  for  the  fact  that  Ptychodus  teeth  are  so  rarely  found  asso- 
ciated. 

The  teeth  of  this  species  diflPer  markedly  from  those  of  ail  other 
known  species  in  having  the  center  of  the  crown  raised  into  a  conical 
apex,  the  summit  of  which  is  crossed  by  a  short  transverse  ridge  from 
which  other  diverging  ridges  run.  In  the  smaller  latéral  teeth  thèse 
ridges  become  less  well  marked  and  occupy  a  relatively  smaller  space, 
becoming  almost  obsolète  in  the  fifth  row.  The  marginal  are  a  is 
formed  of  fine  retioulations  in  many  of  the  larger  teeth,  though  in 
most  of  thèse  and  in  ail  the  smaller  teeth  the  markings  are  more  like  a 
fine  punctulation,  clearly  visible  only  with  the  aid  of  a  lens,  giving  a 
uniform,  finely  roughened  appearance.  The  médian  upper  row  is 
composed  of  low,  fiattened  teeth,  transversely  oval  or  subquadrate  in 
shape,  with  a  slight  élévation  in  the  middle,  and  finely  roughened 
throughout  the  whole  coronal  surface,  there  being  only  the  slightest 
trace  of  the  divergent  ridges  on  the  summit  of  the  élévation.  This 
does  not  quite  agrée  with  Woodward's  description  of  thèse  teeth,  in 
which  he  states  that  they  are  ''  not  marked  with  the  radiating  ridges, 
but  exhibit  a  minute  smooth  eminence  in  the  middle  of  the  crown." 
Possibly  this  effect  is  due  to  wear. 

Btychodus  polygyrus»    Plate  XI,  fig.  9;  plate  X,  fig.  14. 

PtychoduH  polvgyrtis  (Buckland)  Agassiz,  Poiss.  Foss.  III,  156,  pi.  XXV,  ff* 
4-11,  pi.  XXVft,  CF.  21-23;  Gibbes,  Journ.  Acad.  Nat.  Sci.  Phil.  I,  299,  pi. 
II,  ff.  5, 6;  Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1868,  p.  208;  Cope,  Cret.  Vert. 
294;  Woodward,  Cat.  Foss.  Fishes  Brit.  Mus.  I,  143,  pi.  V,  f.  7— Senoniao, 
Turonian  of  Europe,  Botten  Limestone  of  Alabama,  Niobrara  of  Kansas. 

t  Ptychoduê  latissimus  Agassiz,  1.  c,  fig.  8;  Dizon,  Foss.  Sussez,  pi.  XXX, 
ff.  1,  2. 

A  single  tooth  of  very  large  size  from  the  lower  beds  of  the  Nio- 
brara  Cretaceous  of  the  Smoky  Hill  river  is  referred  to  this  species 
provisionally.  Until  numerous  spécimens  are  examined  there  can  be 
no  certainty  of  its  correct  location,  though  the  resemblances  are  suffi- 
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ciently  great  to  render  the  détermination  not  improbable;  at  least 
with  some  of  its  varieties. 

Ptychodus  ftiartini,  n.  sp.     Plate  X. 

A  large  séries  of  teetb,  110  in  number,  found  together  in  the 
Niobrara  ohalk  of  the  Smoky  Hill  river,  and  coUected  by  Mr.  H.  T. 
Martin,  cannot  be  indentified  with  any  described  species.  I  hâve 
photographed  them,  arranged  as  symmetrically  as  possible,  but  with 
no  assurance  that  the  arrangement  is  a  natural  one.  In  fact,  it  is 
not  improbable  that  the  teeth  belong  to  both  upper  and  lower  jaws. 
The  teeth  apparently  from  the  lower  médian  row  are  much  elongate 
transversely,  with  a  very  flat  crown,  wherein  they  differ  from  the  teeth 
of  other  known  species.  The  ridges  are  nine  or  ten  in  number,  and 
reach  nearly  to  the  latéral  margin.  In  some  of  the  teeth  several  of 
the  ridges  form  loops  near  the  extremities.  The  marginal  area  of 
granulations  is  small,  and  présents  scarcely  any  distinct  vermiculations. 
The  teeth  of  the  latéral  rows  are  less  elongated  than  those  of  the 
middle  one,  though  still  more  so  than  is  usual.  The  granulations 
become  rather  more  extensive  in  area  proportionally  in  the  small  teeth, 
as  is  the  case  with  other  species.  A  séries  (  lef t  vertical  row  of  the 
plate)  that  may  belong  in  the  medio-lateral  rows  of  the  upper  jaws  are 
more  nearly  square  in  shape,  and  the  crown  bas  a  distinct,  though  low, 
convexity  extending  over  nearly  its  whole  area.  Antero-posteriorly 
the  surface  is  nearly  flat,  with  a  moderate  convexity  of  the  margin. 
The  surface  posterior  to  the  large  grooves  on  the  upper  part  shows 
email,  radiating  and  branched  ridges. 

The  largest  teeth  measure  45  by  20  mm.;  the  ones  more  nearly 
square,  35  by  25  mm. 

PtychotUis  anonymus,  n.  sp.    Plate  XI,  figs.  5-8, 16-18,  20-22,  24. 

Seven  teeth  of  nearly  uniform  size,  four  of  them  united  in  the  ma- 
trix,  from  Walnut  creek,  Kansas,  seem  to  belong  to  a  species  distinct 
from  any  previously  described  (figs.  16-18).  They  are  of  about  the 
same  size  as  those  described  as  P.  whippleyi  and  P,  occidentalis,  but 
will  be  distinguished  from  the  former  by  the  more  broadly  conical 
crowns.  In  the  teeth  of  this  size  of  P.  whippleyi  the  crown  is  much 
compressed,  standing  up,  tooth-like;  in  the  présent  spécimens  they  are 
nearly  straight  or  gently  concave  from  the  apex  to  the  rims.  From 
P.  occidentalis  the  species  will  be  distinguished  by  the  very  distinctly 
reticulate  marginal  areas,  the  transverse  ridges  not  reaching  to  the 
rims  of  the  crown.  Other  spécimens  agreeing  in  thèse  characters  are 
from  the  Niobrara.     The  horizon  is  probably  Benton. 


WILLI8TON:    FI8H   TEETH   FROM   KANSAS  CRETACEOUS.  33 

rtychodus  occUlentalis.    Plate  XI,  fîg.  4;  plate  XII,  fig.  13. 

PtychoduH  occiâpntalis  Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1868,  p.  207;  Ext. 
•Vert.  Fauna  West.  Terr.  308,  pi.  XVII,  flf.  7,  8,  XVIII,  ff.  15-18;  Cope, 
Cret.  Vert.  244 — Niobrara,  Ben  ton  of  Kansas. 

Two  teeth,  one  from  the  same  oonglomerate  that  yielded  the  teeth 

referred  to  JP.janewayii,  the  other,  wîthout  locality,  from  Mr.  Joseph 

Savage's  collection,  I  refer  to  this  species.     The  species  différa  from 

the  foUowing  in  having  the  transveree  ridges  continued  to  the  latéral 

rims,  and  not  separated  by  an  area  of  fine  reticulation.     The  anterior 

surface  has  finer,  elongated,  nearly  straight  ridges  and  grooves  in  this 

species,  while  in  the  others  the  markings  are  reticulate  or  vermicu- 

late. 

rtychodus  Janewayii.    Plate  XII,  fîgs.  9,  10, 11. 

SporetoduM  janewayii  Cope,  Hayden's  Bull.  U.  S.  Geol.  Surv.  No.  2, 1874. 

pi.  XLVli. 
Plychodua  janewayii  Cope,  Cret.  Vert.  244. 

"  Surface  irregularly  convex,  covered  with  a  dense  layer,  which 
does  not  exhibit  pores,  and  is  thrown  into  transverse  or  oblique 
ridges.  Surface  with  four  folds,  which  traverse  it  obliquely  from 
border  to  border.  At  the  base  of  the  outer,  at  one  end,  is  a  séries  of 
adhèrent  tubercles;  at  the  basis  of  that,  at  the  opposite  end,  is  a 
broken  fold,  with  tubercles  at  its  outer  base.  LeDgth  0.0045  m., 
width  0.0025  m.  A  portion  of  a  larger  and  more  central  tooth  has  the 
surface  with  an  unsymmetrical  convexity,  and  is  crossed  transversely 
by  five  folds,  from  border  to  border."     Cope,  1.  c. 

Three  small  teeth,  shown  enlarged  in  pi.  XII,  ff.  9-11,  from  the 
conglomerate  containing  spécimens  of  Corax  curvatus,  appear  to  be- 
long  to  this  species.  The  horizon  of  the  conglomerate  is  near  the 
Une  of  contact  betweenthe  Dakota  and  Benton,  in  Eilsworth  county. 
Cope's  type  was  from  a  bed  of  conglomerate  containing  Lamna  and 
Oxyrhina  teeth  of  small  size  near  Stockton.  It  is  probable  that  the 
horizon  is  the  same  in  both. 

PtycJiotlus  tvhippleyi.    Plate  XI,  figs.  10-15. 

Ptychodu»  whippleyi  Marcou,  Geol.  North  Amer.  HH.  33,  pi.  IX,  f.  4;  Leidy, 
Extinct  Vert.  Fauna,  300,  pi.  XVIII,  flf.  19, 20;  J.  S.  Newberry,  Rep.  Expï. 
Exp.  147,  pi.  III,  f.  2;  Cope,  Cret.  Vert.  294— Cretaceous,  Texas  (Marcou, 
Leidy  )  ;  Kansas,  Arkansas  Valley  (  Cope)  ;  Colorado,  New  Mexico. 

Thirteen  teeth  from  Dallas,  Tex.,  and  a  number  of  others  received 
from  Mr  Frank  Springer,  coUected  in  the  vicinity  of  Las  Vegas,  in 
New  Mexico,  agrée  well  with  the  descriptions  and  figures  of  this 
species,  as  given  by  Leidy.  The  same  species  has  been  referred  to 
the  Niobrara  chalk  of  the  Arkansas  valley  by  Cope.  If  his  détermi- 
nation and  locality  are  correct  the  species  must  be  referred  to  the 
Benton  of  Eansas,  since  the  Niobrara  does  not  occur  in  the  Arkan- 
sas valley.     A  single  spécimen  from  the  Benton  of  Eansas  in  the 
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muséum,  without  definite  locality,  seems  to  agrée  pretty  well  with 
the  Texas  spécimens,  but  the  spécimen  is  an  uncharacteristic  one  and 
may  pertain  to  some  other  species. 

Some  of  the  teeth  referred  to  this  species  show  a  marked  resem- 
blance  to  those  figured  by  Woodward  (Cat.  Foss.  Fishes  Brit.  Mus.  I, 
pi.  V,  f.  2,  jP.  ruçosus),  and  by  Dixon  {P,  altior  Dix.) 

The  European  species  is  described  as  having  the  sides  of  the 
médian  élévation  of  the  crown  smooth,  which  is  not  the  case  with  the 
présent  species,  the  grooves  continuing  midway  into  the  latéral 
granulations. 

rty€hO€lu8,  sp.    Plate  XI,  fîgs.  2,  3;  plate  XIII,  fig.  53. 

Four  teeth  of  moderately  large  size,  from  the  Benton  Cretaceous, 
of  Sait  creek,  Eussell  county,  and  two  others  of  smaller  size,  also 
from  the  Benton,  seem  to  belong  to  a  species  distinct  from  any  hith- 
erto  known.  The  larger  ones  will  be  distinguished  from  those  re- 
ferred to  the  upper  séries  of  P,  martini,  which  are  of  nearly  the  same 
size  and  shape,  by  the  smaller  area  of  transverse  ridges,  and  themuch 
larger  area  of  marginal  reticulations,  which  are  coarser.  The  teeth  are 
more  nearly  square  and  the  convexity  of  the  crown  is  greater.  The 
two  teeth  of  smaller  size  probably  belong  with  the  others.  It  is  pos- 
sible that  some  of  thèse  teeth  may  belong  with  P,  polygyrua. 


The  other  described  species  of  this  genus  are  the  foUowing: 

PtychoduB  mammilaris  Agassiz. — Senonian,  Turonian,  and  Ceno- 
manian,  Europe 

Piychodus  rugosus  Dixon. — Senonian,  England. 

Ptychodus  decurrens  Agassiz. — Senonian,  Turonian,  and  Ceno- 
manian,  Europe. 

Ptychodus  muUistriatus  Woodward. — Senonian  and  Turonian, 
England. 

Ptychodus  latisslmus  Agassiz. — Turonian  and  Senonian,  Europe. 

Ptychodus  papillosus  Cope,  Cret.  Vert,  294.— Upper  Cretaceous, 
Colorado. 

Ptychodus  triangularis  Reuss. — Upper  Cretaceous,  Bohemia. 

Ptychodus  levis  Woodward. — Lower  Chalk  of  England. 

SCYLLIID.E. 

The  family  Scylliidœ  comprises  small  sharks  with  sharp-pointed 
cuspidate  teeth,  arranged  in  numerous  séries.  The  following  gênera 
are  given  by  Woodward  (Cat.  Foss.  Fishes  Brit.  Mus.  I,  338)  :  Paleo- 
scyllium  Wagner,  Lower  Kimmeridgian  of  Bavaria;  Scyllium  Cuvier, 
Turonian  and  Senonian;  Pristiurus  Bonaparte,  Lower  Kimmerid- 
gian of  Bavaria;   Mesiteia  Kramb.,  Senonian  and  middle  Eocene; 


WILLISTON:    FI8H   TEETH   PROM   KANSA8  CRETACEOUS.  35 

Chiloscyllium  MuUer  and  Henle,  Molasse  ;  Crossorhinus  Mtlller  and 

Henle,  Gault  ;   Cantioscyllium  Woodw  ,  Turonian  ;   Ginglymostoma 

Muller  and  Henle,  Danaian,  Eocene. 

Numerous  teeth  from  the  Lower  Cretaceous  of  Kansas  seem  in  ail 

probability  to  belong  in  this  family,  and  agrée  pretty  well,  though 

rather  large,  with  the  teeth  of  Scyllium,  to  which  I  refer  them  pro- 

visionally. 

Scyllium  rngosunif  n.  sp.    Plate  VI,  fig.  5. 

Central  cusp  broad,  pointed,  nearly  symmetrical,  the  cutting  edges 
nearly  straight,  one  of  them  a  little  longer  than  the  other  and  slightly 
convex  near  the  tip  ;  a  single  pair  of  latéral  denticles,  which  are  nearly 
equilaterally  triangular  in  shape;  principal  cusp  with  six  or  seven 
strong  ridges  on  the  basai  two-fif ths  ;  denticles  with  four  or  five  simi- 
lar  ridges  reaching  two-thirds  of  the  way  to  the  apex  ;  root  narrow, 
apparently  not  at  ail  produced  at  the  angles  ;  thinned  and  not  at  ail 
tumid. 

Type  No.  1949,  U.  S.  National  Muséum,  Greenleaf  sandstone  at 
Greenleaf  ranch. 

Height  of  middle  cusp 7  mm. 

Width  of  Bame  at  base 4    " 

Height  of  denticles 3    ** 

Width  of  same 2J  *' 

Scyllium  planiiletift,  n.  sp.    Plate  VI,  fîg.  7. 

Central  cusp  broad,  pointed,  convex  from  side  to  side,  with  sharp, 
non-crenulate  edges;  latéral  cusps  sharply  pointed,  smooth,  two  in 
namber  ;  root  thin,  narrow,  moderately  produced  below  the  posterior 
denticle,  smooth. 

Height  of  médian  cusp 4  mm. 

Width  of  same  at  base 3    ** 

Width  of  base  of  tooth 6    ** 

Height  of  denticles IJ  " 

Type  No.  1949,  U.  S.  National  Muséum.  From  same  horizon  as 
the  preceding  species. 

I  refer  provisionally  to  this  species  numerous  other  spécimens  from 
the  same  horizon  and  collection.  They  differ  in  the  relative  size  of 
the  denticles,  the  more  posterior  direction  of  the  main  cusp,  and  the 
size.  One  tooth  seems  to  lack  the  anterior  denticle,  which  is  always 
the  smaller  of  the  two  ;  its  absence  may  be  due  to  injury. 

Scylliutn  (Lanina?)  gracilis,  n.  sp.    Plate  VI,  fîg.  6. 

Main  cusp  elongate,  slender;  inner  surface  smooth,  gently  convex 
longitudinally,  more  so  transversely,  with  sharp,  smooth  edges,  the  in- 
terior  edge  nearly  straight,  the  posterior  somewhat  concave  ;  denticles 
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of  nearly  equal  size,  small,  slender,  acute  ;  base  narrow,  prolonged 
into  a  slender  root  at  eaoh  extremity. 

Height  of  tooth 9  mm. 

Length  of  middle  cusp 6    " 

Width  of  same  at  base 3    ** 

Length  of  denticles 2    ** 

One  spécimen,  No.  1949,  U.  'S.  National  Muséum,  with  the  pre- 

ceding  species. 

LAMNID^. 

The  Lamnidœ  comprise  the  largest  and  most  voracious  of  the 
sharks,  represented  by  a  number  of  species  in  the  océans  of  the  prés- 
ent time.  They  are  elongated  fishes,  the  dorsal  fin  without  spine  ; 
there  is  no  nictitating  membrane  to  the  eye,  and  the  gill  openings  are 
wide.  -The  teeth  are  solid  in  the  adult,  and  are  300  or  more  in  num- 
ber. The  teeth  are  found  very  commonly  in  the  Cretaceous  deposits 
of  Kansas,  as  elsewhere,  usually  sc^ttered  singly,  though  occasionally 
found  more  or  less  connected  by  the  calcified  cartilage  of  the  jaws  in 
several  rows.  Owing  to  the  great  variation  of  size  and  shape  of  the 
teeth  in  the  same  individual,  it  is  often  difficult  or  impossible  to  cor- 
rectly  détermine  the  f orms.  Doctor  Eastman  has  recently  figured  and 
described  the  nearly  complète  dentition  of  Oxyrhina  mantelli,  the 
most  common  species  of  the  family  in  Kansas.  Doubtless  similar 
variations  will  be  found  in  the  diflFerent  species  of  the  other  gênera 

of  this  family. 

Oxyrhina. 

This  genus  differs  from  Lamna  only  in  the  prevailing  absence  of 
the  latéral  denticles  of  the  teeth.  The  teeth  are  large.  The  genus 
occurs  from  Jurassic  to  the  présent  time. 

Ojcyrhina  mantelli.    Plate  XIII,  figs.  41-i6;  plate  XIV,  figs.  2-2m. 

Oxyrhfnn  matitelU  (Geinitz)  Agassiz,  Poiss.  Foss.  III.  282,  pi.  XXXIII,  flf. 
i-5, 7-9 ;  Eastman,  Paleontographica,  XLI,  149-192,  pli.  XVI-X VIII  (  where 
additional  extensive  synonymy  will  be  found);  Woodward,  Proc.  Geol. 
Assoc.  XIII,  196— Cenomanian,  Senonian  and  Turonian  of  Europe;  Kan- 
sas. Texas,  New  Jersey,  Alabama,  Colorado,  etc. 

Oxyrhina  extenia  Leidy,  Ext.  Vert.  Fauna,  302,  pi.  XVIII,  fif.  21-25. 

"Moderate-sized,  stout,  three-cornered  teeth;  the  crown  on  the 
outer  side  nearly  flat,  with  one  or  more  vertical  wrinkles  ;  on  the  in- 
ner  side,  lightly  convex  and  smooth;  root  long,  thick,  low,  moder- 
ately  deeply  furcate,  usually  obtuse  at  the  ends,  and  on  both  sides 
more  or  less  flattened."   Eastman,  1.  c. 

This  species  is  very  common  in  the  Kansias  Niobrara,  in  fact,  the 
most  common  of  ail,  and  not  infrequently  it  is  represented  by  many 
associated  teeth.  From  the  plates,  and  from  Eastman's  figures,  it  will 
be  readily  identified  in  ail  its  forms. 
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Lamna. 

Teeth,  except  some  of  tbe  bindmost  ones,  with  a  narrow,  corn- 
pressed,  conical  cusp,  with  one  or  two  pairs  of  small,  pointed  denticles. 

Some  of  the  followiug  species  may  belong  to  Odontaspiê,  which 
can  hardly  be  distinguished  by  the  teeth  alone,  differing  only  in  the 
relatively  less  high  and  less  subulated  character  of  the  anterior  ones, 
and  in  the  usually  larger  size  of  the  latéral  denticles. 

Latnna  appentUculata.    Plate  XIV,  figs.  3-3c. 

Olodus  nppp.ndiculaiuH  (Roemer)  Agassiz,  Poiss.  Foss.  III,  279,  pi.  XXXII, 
flf.  1-25;  Davis,  Trans.  Roy.  Dubl.  Soc.  IV,  402,  pi.  XLI,  flf.  1-11. 

Lamnn  nppendicuintn.  Woodward,  Cat.  Foss.  Fishes  Brit.  Mus.  I.  393; 
Proc.  Geol  Assoc.XIII,  196  -Senonian,  Cenomanian,  Turoiiian(  ?),  Danian 
of  Europe,  Niobrara  of  Kansas,  aod  Greensand  of  New  Jersey. 

**  Teeth  robust,  with  a  thick  root,  having  a  muoh  flattened  postero- 
inferior  face,  the  nutritive  foramen  not  in  a  groove.  Outer  face 
slightly  convex  or  flat,  often  with  a  few  indefinite  vertical  folds  on 
the  basai  half  ;  inner  aide  of  crown  markedly  convex,  smooth  ;  cutting 
edges  prominent;  a  single  pairof  latéral  denticles,  broad,  but  pointed. 
Anterior  teeth  narrow  and  upright  ;  latéral  teeth  much  inclined  back- 
ward,  the  anterior  teeth  much  more  arcuate  and  longer  than  the  pos- 
terior  ones."     Woodward,  1.  o. 

Several  teeth  from  the  Niobrara  chalk  agrée  suflSciently  well  witli 
the  foregoing  description,  and  especially  with  Woodward's  figures,  to 
permit  their  allocation  hère.  They  are  somewhat  broader  than  the 
spécimens  figured  by  Woodward.  Two  of  the  spécimens  differ  mark- 
edly from  the  others  in  having  the  base  flatter  and  the  roots  much 
less  prolonged  downweuxi,  the  notch  of  the  base  shallower  and  shorter. 
Another  tooth  from  the  base  of  the  Benton,  in  the  conglomerate  con- 
taining  the  spécimens  of  Corax  curvatus  and  Ptychodus  janewayii, 
agrées  well  with  thèse  last  spécimens  and  apparently  belongs  to  the 
same  species,  if  distinct.  Their  resemblance  to  Odontaspis  kopin- 
gensis  Davis  likewise  cannot  be  denied,  but  the  latéral  denticles  are 
more  triangular  in  shape. 

Lamna  sulcitta.    Plate  VI,  fîgs.  1-lb. 

OioduH  aulcaiuH  Geinitz,  Char.  Schicht.  u.  Petriffact.  saechs-boehm  Krei- 
deb.  Nacht  5,  pi.  IV,  f.  2. 

Otodun  divaricatuB  Leidy,  Ext.  Vert.  Fauna,  305,  vol.  XVIII,  fiP.  26-28;  Cope, 
Cret.  Vert.  295. 

Lamna  aulcata  Woodward,  Cat.  Foss.  Fishes  Brit.  Mus.  I,  398  (where  addi- 
tional  synonymy  will  be  found);  Proc.  Geol.  Assoc.  XIII,  p.  197— Ceno- 
manian and  Turonian,  England,  France,  Belgium,  Saxony,  Bohemia; 
Senonian,  England;  Cretaceous,  Texas,  (Leidy);  Jewell  county,  Kansas 
(  Cope  );  Mississippi  (  Cope  ). 

"Teeth  very  robust,  the  crown  sometimes  attaining  a  height  of 
nearly  60  mm.  Outer  face  of  crown  slightly  convex,  generally  un- 
even  ;  both  the  inner  and  the  outer  faces  with  more  or  less  prominent 


38  KANSAS  UNIVERSITY  QUARTERLT. 

séries  of  vertical  wrinkles  near  the  base,  usually  irregular.  A  single 
pair  of  large,  acuminate  latéral  dentioles,  slightly  divergent,  often 
incompletely  separated  from  the  principal  cône.  Root  with  a  con- 
sidérable inward  prominence  immediately  below  the  base  of  the 
crown."    Woodward,  1.  c. 

"A  name  given  to  very  large,  robust  teeth  with  vertically  wrinkled 
crown  and  slightly  divergent  acuminate  latéral  denticles.  There 
are  spécimens  in  the  British  Muséum  from  andetermined  horizons 
in  the  chalk  of  Kent,  Surrey,  and  Sussex."     Woodward. 

This  species  is  unknown  to  me.  Its  occurrence  in  Eansas  is  given 
on  the  authority  of  Cope.     The  horizon  is  evidently  the  Benton. 

Lamna  nindgei, 

Lamna  muâgei  Cope,  Cret.  Vert.  207,  pi.  XII,  ff.  11, 12 — Niobrara  of  Kansas, 
Greensand  of  New  Jersey. 

"Indicated  by  three  teeth  from  the  Niobrara  epoch  of  Eansas  and 
one  from  the  Greensand  No.  4.  from  New  Jersey.  Thèse  teeth  are 
rather  stout,  especially  at  the  base,  and  the  crown  is  not  very  elon- 
gate.  The  root  is  excessively  protubérant,  projecting  horizontally 
beyond  the  convex  side,  and  flat  or  truncate  below  the  protubérance. 
The  enamel  is  entirely  smooth.     Length,  14  mm." 

This  species  is  unknown  to  me,  or  unrecognizable  from  the 
description  and  figures  of  the  mutilated  type  spécimens. 

Lamna  macrorhiz€i, 

La'nna  macrorhiza  Cope,  Cret.  Vert.  297,  pi.  XLII,  flp.  9, 10;  Woodward,  Cat. 
Foss.  Fishes,  Brit.  Mus.  I,  399 — Niobrara  of  Kansas,  Albian  of  England, 
Cenonian  of  S.  E.  Russia  (Woodward). 

"Teeth  of  small  size,  elevated  though  robust,  the  maximum  total 
height  being  about  25  mm.  Outer  coronal  face  flat,  or  nearly  so,  with 
a  faint  médian  longitudinal  élévation,  and  often  a  few  folds  at  the 
base  ;  inner  coronal  face  very  convex,  smooth  ;  cutting  edges  sharp  ; 
a  single  pair  of  relatively  large,  narrow,  acuminate  latéral  denticles, 
divergent,  also  often  marked  at  the  base  by  minute  vertical  folds  ;  root 
with  a  prominent  inward  projection  below  the  base  of  the  crown  ;  nutri- 
tive foramen  in  a  groove.'* 

The  above  description  by  Woodward  is  drawn  from  a  European 
spécimen,  while  the  type  described  and  figured  by  Cope  is  from  Ellis 
county,  Kansas,  probably  Niobrara.     I  do  not  know  the  species. 
Lanuui  (Odontaspis  ?),  sp.    Plate  XII,  fig.  5. 

A  single  tooth  from  the  Lower  Cretaceous  (  Kiowa  shales,  Clark 
county),  resembles  the  figure  of  Odontaspis  kopingensis  Davis,  as 
figured  by  that  author  (  Trans.  Koy.  Dubl.  Soc.  IV,  XXXVI,  flP.  27, 28), 
except  that  it  is  smaller  and  has  the  base  rather  more  prominent,  more 
triangular,  and  more  pointed.     The  tooth  has  also  resemblance  to 
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Lamna  appendiculata^  but  the  denticles  are  stouter  (compare  Wood- 
ward,  Proc.  Geol.  Assoo.  XIII,  pi.  VI,  f.  26).  Height  of  orown,  15 
mm.;  width  of  base,  18  mm.;  widthof  base  of  crown,  9  mm.;  distance 
between  points  of  denticles,  14  mm. 

TMtnna,  sp.    Plate  XII,  fig.  6. 

A  somewhat  injured  tooth,  of  larger  size  than  the  last,  differs  in 
having  a  larger  and  stouter  base,  the  inner  projection  in  the  middle 
of  the  latter  stouter  and  broader,  and  the  latéral  denticles  smaller  and 
more  obtuse.  Height  of  tooth  (  approximately  ) ,  32  mm.  ;  width  of  base 
of  crown,  12  mm.;  width  of  base  of  tooth,  25  mm. 

One  spécimen,  Eiowa  shales,  Clark  county. 

Lamna  quinqnelateralis. 

Lamna  quwquelaiernlia  Cragin,  Colorado  Collège  Studies,  V,  189. 

"The  spécifie  name  quinquelateralis  is  applied  to  a  species  of 
shark  whose  vertabrœ  differ  from  ail  others  of  whioh  I  hâve  any 
knowledge.  The  type  vertebra  is  short,  much  broader  than  high, 
shallow-cupped,  and  more  or  less  sharply  pentagonal  ended. 

"Measurements :  Height,  20  mm.;  length,  12  mm.;  breadth,  12 
mm.  The  two  upper  angles  measure  each  about  130  deg.;  either  lat- 
éral angles  about  105  deg.;  the  lower  angle  is  broad  and  rounded." 

"Occurrence:  A  single  vertebra  of  this  form  was  found  by  the 
writer  at  Belvidere,  Kan.,  with  the  above-described  remains  of  Pie- 
siochelySy  in  the  upper  part  of  No.  4  of  the  Belvidere  section." 

Probably  this  vertebra  belongs  with  one  or  the  other  of  the  above- 
described  teeth  from  thèse  same  deposits,  but  the  corrélation  cannot 
be  made  until  the  teeth  and  vertébrée  are  found  associated,  which 

may  be  long  hence. 

Scapa  n  orh  ynehun, 

Rhinogmithus  Davis,  Trans.  Roy.  Dubl.  Soc.  (2)  III,  480. 
Scapanorhynchus  Woodward,  Cat.  Foss.  Fishes  Brit.  Mus.  I,  351, 1889. 
/  Afitaukurinn  Jordan,  Proc.  Calif.  Acad.  Sci.  Zool.  1, 1898;  Amer.  Natur- 
alist,  XXXIV,  234. 

The  genus  Scapanorhynchus^  first  proposed  by  Davis  under  a  pre- 
occupied  name,  has  been  more  closely  defined  by  Woodward.  The 
teeth  themselves  cannot  in  many  cases  be  generically  distinguished 
from  those  of  Odontaspis,  under  which  name  some  were  originally 
described. 

Recently  Doctor  Woodward*  has  identified  a  modem  genus  of 
sharks,  from  the  deep  sea  off  Yokahama,  Japan,  with  this  supposedly 
extinct  type — Miisukurina  Jordan. 

Possibly  the  positive  identification  is  prématuré,  but  there  seems 
to  be  no  doubt  of  the  close  relationship  of  the  two  forms,  at  least. 

•  Am.  Mair.  Nat.  Hist.  III,  487  (  1889). 
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8c€ipanorhyncu8  rhaphiodon.    Plate  VIII,  fig.  4  ;  plate  XIV,  fig.  5. 

Lamnn  (Odonfasp's)  rhaphiodon  Agassiz,  Poiss.  Foss.  III,  296,  pi, 
XXXVIIa,  flf.  12-16. 

Scnpnnorhy achn»  rhaphiodon  Woodward,  Cat.  Foss.  Fishes  Brit.  Mus.  I, 
333  (where  additional  synoDymy  will  be  found);  Proc.  Geol.  Âssoo.  XIII, 
196 — OenomaniaDfRussiaandGalicia;  CeDomanian  and  TuroDian,  France, 
Sixon7,and  Bohemia;  CenomaniaD-SenoDiaD,  England;  Upper  Cretaceous, 
S.  India;  Upper  Cretaceous  of  Texas,  Mississippi,  New  Jersey;  Benton 
Cretaceous  of  Kansas. 

Lamna  texann  Roemer,  Kreideb.  von  Texas,  29,  pi.  I,  flf.  7;  Leidy,  Rep. 
U.  S.  Geol.  Surv.  I,  304,  pi.  XVIII,  ff.  46-50;  Cope,  Cret.  Vert.  296. 

Teeth  of  considérable  size,  slender,  the  anterior  ones  witbout  latéral 
denticles  ;  inner  ooronal  face  conspicuously  and  finely  striate. 

A  number  of  teeth  before  me  f rom  the  Cretaceous  of  New  Jersey  and 
one  from  the  Benton  Cretaceous  of  Kansas  agrée  fairly  well  with  the 
figures  given  by  Leidy  of  spécimens  from  Mississippi,  New  Jersey, 
and  "from  near  the  mouth  of  Vermilion  creek,  in  Kansas,"  and  which 
agrée  with  those  from  Texas  called  Lamna  texana  by  Roemer. 

The  spécimens  agrée  so  well  with  the  European  species,  especially 
as  figured  by  Woodward  (1.  c,  I  hâve  no  European  spécimens  for 
comparison),  that  I  think  there  cannot  be  much  doubt  of  their  iden- 
tity,  a  conclusion  suggested  by  Woodward. 

The  Kansas  spécimen  described  by  Leidy  was  said  to  hâve  been 
obtained  by  Hayden  from  a  "  gray  sandstone  from  near  the  mouth  of 
Vermilion  river."  The  Vermilion  in  Kansas  runs  its  whole  length 
through  the  Carboniferous  in  eastern  Kansas  ;  nor  do  I  think  there  is 
any  gray  sandstone  (necessarily  Dakota  Cretaceous)  in  the  state 
which  will  yield  thèse  teeth.  In  ail  probability  the  spécimens  did  not 
come  from  this  state.  However,  a  spécimen  in  our  collection  agreeing 
with  the  species  was  obtained  in  the  state,  and  probably  from  the  Ben- 
ton, though  possibly  from  either  the  Niobrara  or  Fort  Pierre. 

Corax, 

The  genus  Corax  is  oonfined  whoUy  to  the  Cretaceous,  and  is  known 
from  the  teeth  only.  Its  distinction  from  Oaleocerdo,  under  which 
name  some  of  its  species  hâve  been  described,  is  based  upon  the  solid- 
ity  of  the  teeth  —  those  of  Oaleocerdo  hâve  a  hoUow  cavity  within. 
The  teeth  are  small,  compressed,  more  or  less  triangular,  with  mar- 
ginal serrations,  though  this  character  may  be  more  or  less  wantiog 
in  young  individuals.  They  vary  not-  a  little  in  shape  in  the  same 
individual.  In  some  the  crown  is  nearly  bilaterally  symmetrical,  but 
they  more  usually  hâve  the  crown  directed  more  or  less  obliquely 
backward,  the  anterior  margin  convex,  the  posterior  more  or  less 
straight  and  angulated. 

Three  species  of  the  genus  are  known  in  England — Cfalcatus,  C, 
pristodonius,  which  is  hardly  distinct,  and  C.  affinis.    In  addition,  (7. 
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afitiquuê  Desl.,  C,  incisus  Egert.,  C,  lœvis  Gieb.  and  C.  pygmœus 
Munst.  hâve  been  described  from  Europe,  and  C,  crassidens  Cope  and 
C,  hartvelli  Oope  from  the  United  States. 

Corax  falcn  tus, 

Corax  falcatus  Açassiz,  Poiss.  Foss.  III,  226,  pi.  XXVI,  f.  14,  XXVI^,  flp. 
1-15;  Woodward,  Cat.  Foss.  Fishes  Brit.  Mus.  I,  424  (where  additional 
synonymy  will  be  found);  Proc.  Geol.  Assoc.  XIII,  198,  pi.  VI,  ff.  13-15. 

Oaleocerdo  falcatus  Leidy,  Ext.  Vert.  Fauna  West.  Terr.  301,  pi.  XVII, 
flf.  29-42. 

Cenomanian  and  Turonian,  England,  France,  Switzerland,  Saxony, 
Bohemia,  Galicia,  Russia  ;  Senonian  of  England  and  France  ;  Creta- 
ceous  of  Texas,  New  Jersey,  Mississippi  ;  Niobrara  of  Kansas. 

The  very  variable  shape  of  the  teeth  referred  to  this  species  will  be 
seen  in  plate  XIII,  ff.  1-40.  Possibly  the  spécimens  there  figured 
represent  distinct  species.  C\  {Oaleocerdo)  crassidens  Cope  seems 
to  be  represented  by  fig.  24,  and  C,  (  Oaleocerdo)  hartvelli  Cope  (Cret. 
Vert.  244)  by  fig.  23.  Possibly  this  species  also  includes  (7.  pristo- 
dontus  and  C,  lindstromi^  both  of  which  seem  to  be  imperfectly  dif- 
ferentiated  from  C.  falcatus  at  présent. 

In  plate  XIV,  ff.  1-1^,  are  shown  a  nnmber  of  teeth  pertaining  to 
a  single  individual  and  found  associated  with  many  others,  by  Mr. 
Martin,  in  the  Niobrara  Cretaceous  of  the  Smoky  Hill  valley.  Iso- 
lated  teeth  of  this  species  are  the  most  abundant  of  the  selachian 
teeth  in  the  Niobrara  of  Kansas.  Only  in  very  few  instances  hâve 
many  teeth  been  found  associated,  so  that  it  is  yet  impossible  to  f ully 
understand  the  dentition.  The  species  occurs  rarely,  if  at  ail,  in  the 
lower  Niobrara  horizons,  where  those  of  Oxyrhina  and  Ptychodus  are 
the  most  abundant. 

Corfuc  curvfita,  n.  sp.    Plate  XII,  figs.  7,  8. 

Two  spécimens  from  the  same  block  which  yielded  those  of  Ptycho- 
dus janewayii  and  Lamna  species,  antea,  seem  evidently  specifically 
distinct  from  the  foregoing.  Thèse  teeth,  while  not  differing  much 
in  outline  from  certain  ones  referred  to  C.  falcatus,  show  a  marked 
variance  in  structure.  In  C.  falcatus  the  outer  surface  of  the  tooth 
stands  ont  but  very  slightly.  In  C.  curvata  the  crown  is  attached  to 
the  root  very  obliquely,  so  that  when  resting  upon  a  plane  the  tooth 
forms  a  high  aroh,  touching  bnly  by  the  extrême  tips  of  the  roots 
and  crown.  The  inner  surface,  also,  is  very  much  more  uneven  and 
convex,  the  crown  separated  from  the  root  by  a  marked,  narrow,  trans- 
verse ridge,  which  is  scarcely  indicated  in  the  teeth  of  C.  falcatus. 
Altitude,  8  mm.;  greatest  width,  14  mm.;  horizon,  lower  orlowermost 
Benton  of  Ellsworth  county. 
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LeptostyraXf  gen.  dov.    Plate  VI,  figs.  3, 15, 15a;  plate  VIII,  fig.  7. 

Leptostyrax  bicuspidatus,  gen,  et  sp.  nov. 

Principal  casp  long  and  slender,  flattened  upon  the  outer  aide,  with 
sharp,  smooth  edges  and  a  médian  convexity  in  the  middle  of  the 
flattened  surface;  for  the  most  part  convex  longitudinally,  gently 
concave  before  the  apex.  Inner  surface  strongly  convex  from  side  to 
side,  concave  on  the  lower  half  longitudinally,  gently  convex  on  the 
upper  part.  A  single  denticle  présent,  slender,  flattened  cylindrioal, 
with  an  anterior  and  posterior  carina  ;  it  arises  below  the  base  of  the 
main  cusp,  and  îs  directed  more  outwards,  its  inner  surface  concave 
longitudinally.  Immédiate  base  of  crown  of  both  main  cusp  and 
denticle  with  short  ridges.  Base  of  tooth  short,  trunoate  (?)  below 
the  main  cusp,  prolonged  downward  below  the  denticle.  Length  of 
main  cusp,  19  mm.;  width  of  same  at  base,  5  mm.;  length  of  denticle, 
5  mm.;  width  of  same  at  base,  2J  mm.;  height  of  tooth,  26  mm.;  width 
of  base,  10  mm. 

A  small  tooth  of  the  same  form  fdund  with  this  has  a  total  length 
of  14  mm.  The  base  is  deeply  emarginate  below,  with  two  slender 
roots;  that  below  the  denticle  the  longer.  Mentor  beds,  4J  miles 
Southwest  of  Marquette,  Kan. 

U.  S.  Nat.  Mus.  No.  1979. 


PL.ATE    VI. 

Fig.  1,  la,  16. — Lamna  sulcata  Greinitz,  after  Leidy,  natural  size. 

Figs.  2,  2a. —  Scapanorhynchus  rhaphiodon  {(exana)  Agassiz,  natural  size, 
after  Leidy. 

Fig.  3.— Leptostyrax  bicuspidatus  Willist.,  from  the  side,  natural  size. 

Fig.  6. —  Scyllium  (Lamna  f)  gracilia  Willist.,  enlarged. 

Figs.  7,  S.—  Scyllium  planidens  Willist.,  enlarged. 

Fig.  b:—  Scyllium  rugosum  Willist.,  enlarged. 

Figs.  9,  10.— Fragments  of  Undetermined  teeth  from  Kiowa  shales. 

Fig.  lL—Cœlodu8  stantoni  Willist.,  imperfect  right  splenial  dentition,  natura) 
size. 

Fig.  12.— Cœlodus  brownii  Cope,  imperfect  left  splenial  dentition,  natural  size. 

Figs.  13, 13a.— Amphibian  atlas  from  Laramie  Cretaceous. 

Fig.  14.— Undetermined  shark  tooth  (Coraxf)  from  Benton  of  Colorado,  en- 
larged. 

Figs.  15, 15a,—Lepto8(yrax  bicuapîdaiua  Willist.,  natural  size. 

Middle  figure  of  plate— Selachian  vertebra  (Corax  f)  from  Niobrara  Cretaceous. 
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PLATE  VI. 
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PL.ATE    VII. 

PtychodxAS  mortoni  Mantell,  naturel  size. 
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PLATE  VII. 
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PLATE   VIII. 

Fig.  \.—Ptychodu8  mortoni  Mantell,  part  of  dentition  of  upper  jaw,  as  pre- 

served  in  the  matrix,  four-sevenths  natural  size. 
Figs.  2,  A,—  Scapanorhynchus  rhaphiodon  Âgassiz,  natural  size. 
Fig.  ^.—Lamna  appendiculata  Âgassiz,  natural  size. 
Fig.  5. — Oxyrhina  mantelli  Âgassiz,  natural  size. 
Fig.  6. — Cœlodua  atantoni  Willist,  crowns  of  two  teeth  from  internai   row, 

lower  jaw,  much  enlarged. 
Fig.  7. — Lepto8tyrax  bicuspidalus  Willist.,  enlarged. 
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PLATE    IX. 

Fig.  1. —  Ptychodu9  mortoni^  end  of  superior  dentition,  continuons  with  left 
end  of  fig.  1,  plate  VIII,  but  less  reduced. 

Fig.  2. — PtychoduH  mortoni,  a  transverse  séries  of  teeth,  arranged  more  IoobbIj, 
from  near  the  right  eztremity  of  fig.  1,  plate  VIII,  about  two-thirds  natural 
size;  the  upper  séries  belong  one  at  each  end  of  the  lower  séries. 
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PLATE   X. 

Plychod%A9  martini  Willist. ,  tbree-fourths  Datural  size  ;  the  teeth  were  disoov- 
ered  disassociated. 
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PLATE  X. 


PLATE   XI. 

Figs.  1,  2,  3. —  PtychoduSf  sp.  indet. 

Fig.  4. —  Ptychodus  occidentalia  Leidy,  natural  size. 

Fig.  5-8. — Ptychodua  anomymus  Willist,  natural  size. 

Fig.  ^.—Ptychodua  polygyms  Buckl.,  a  little  enlarged. 

Figs.  10-15. — PtychoduB  whippleyi  Marcou,  nearly  natural  size. 

Figs.  16-18,  20-22,  2i,^ Ptychodua  anonymus  Willist.,  nearly  natural  size. 

Figs.  19,  23,  25,  26,  Îl.—Plychodus,  spp. 
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PLATE   XII. 

Figs.  1-3. — Undeterminêd  lamnids  from  Kiowa  shales,  Lower  Cretaceous,  en- 
la  r^ed  one-half. 

Fig.  4. —  f  MeHodon  abrasua  Cragin,  enlarged  one-half. 

Figs.  5,  6. — Lamna,  sp.,  from  Kiowa  shales,  enlarged  one-half.    * 

Figs.  7,  8. —  Corax  curvatuB  Willist.,  from  without  and  within,  enlarged  nearly 
two  diameters. 

Figs.  9-11. —  /  Ptychodua  Janewayii  Cope,  enlarged. 

Fig.  12. — Laynna,  sp.,  enlarged  nearly  two  diameters.    Kiowa  shales. 

Fig.  14. —  Ptychodus  polygyrus,  from  the  side,  natural  size  (the  same  tooth 
fîgured  on  plate  XI,  fig.  9). 

Fig.  13. —  Ptychodus  occidentalisa  enlarged  nearly  two  diameters. 
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PLATE  XII. 


PLATE   XIII. 

Figa.  1-40. — Corax  falcatua  Agassiz,  about  nine-tenths  natural  size;  isolated 

teeth  f rom  many  individuals. 
Figs.  41-46,  50-52.— OaryrAtna  mantelli  Agassiz,  nearly  natural  size. 
Figs.  47-49. — Lamna  appendiculata  Roemer,  nearly  natural  size. 
Fig.  53. — Ptychoduëj  sp.,  enlarged  one-fourth. 
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PLATE  XIII. 
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PLATE   XIV. 

Figs.  1-1  ^ — Corax  falcatus  Âgassiz,  from  a  single  individual. 
Figs.  2-2  L—Oxi/rhina  mantelU,  from  a  single  individual. 
Figs.  3-3<'. —Lamna  oppendiculata, 
Figs.  4,  b.—  Scapanorhynchus  rhaphiodon  Agassiz. 
Figs.  6,  7,—Oxyrhina  mantellL 
AU  six-sevenths  natural  size. 
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NOTE  ON  THE  PERMIAN  FLORA  OF  KANSAS. 


Oontribntion  from  Paleontological  Laboratory  ITo.  54. 


BY  E.  H.  SELLARDS. 

X^URINGr  the  past  year  a  very  interesting  and  important  plant 
-*-^  horizon  was  discovered  in  the  Pennian  (Marion*  formation), 
Dickinson  county,  Kansas.  by  Mr.  Charles  Sterling,  of  the  University. 
In  October  of  the  same  year  the  author  visited  the  locality  and  made 
a  careful  collection.  The  plants  are  of  great  biological  as  well  as 
geological  interest. 

Callipteris  conferta  Sterng.  occurs  very  abundantly.  C.  conferta, 
var.  obliqua  Goep.  is  the  most  common .  Other  f orms  occur  which  agrée 
cloeely  with  C.  conferta  lanceolata  Weiss  and  C.  conferta  vulgaris 
Weiss.  Still  other  pinnae,  diflFering  from  any  yet  figured,  in  having 
a  much  more  obtuse  apex,  a  proportionally  smaller  terminal  pinnule, 
end  a  flexuous  rachîs,  seem  to  represent  a  new  variety  of  this  very 
variable  species.  The  largest  spécimen  of  the  speoies  in  our  collec- 
tion is  the  middie  portion  of  a  frond,  having  a  rachis  6  mm.  wide, 
with  pinnœ  alternate,  oblique,  2  cm.  apart.  The  pinnules  are  alter- 
na te,  contiguous  almost  to  the  apex,  8  to  11  mm.  long,  and  stand  out 
obliquely  from  the  rachis,  curving  back  at  the  apex.  Ànother  spéci- 
men shows  the  terminal  portion  of  the  frond,  with  the  characteristic 
appearance  as  figured  by  Weiss.  f 

The  pinnules,  seen  from  above,  hâve  a  smooth  coreaceous  look,  the 
midvein  and  rachial  vein  showing  as  slight  dépressions  ;  seen  from  be- 
low  they  appear  wrinkled,  the  midvein  of  the  pinnule  and  the  rachial 
vein  showing  as  sharp,  thin  élévations.  Professor  Weiss  speaks  of  a 
Une  running  from  the  rachis  of  the  pinna  to  the  incision  between  the 
pinnules.  Our  spécimens  show  that  this  Une  is  a  vein  going  ofiF  from 
the  midvein  of  the  pinnule  near  or  at  its  base,  or  from  the  rachis  of 
the  pinna,  and  running  obliquely  to  the  incision  between  the  pin- 
nules. It  is  impossible  to  mistake  the  species,  as  it  agrées  in  every 
particular  with  Weiss's  figures.  The  fronds  are  readily  recognizable 
by  the  form  of  the  pinnules,  the  strong  vein  running  to  the  incision 
between  them,  and  the  decurrent  pinnules  attached  to  the  penulti- 
mate  rachis  between  the  ultimate  pinnae. 

*Cba8.  s.  Prosser,  Joaraal  of  Geology,  toL  8,  p.  786. 
tFoasila  Flora  d.  Jangst.  Stein.  a.  Both,  pis.  VI  and  VII. 
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Some  spécimens  belonging  to  the  Tœniopteroid  group  of  fems  are 
of  especial  interest  as  showing  what  is,  so  far  as  I  bave  been  able  to 
leam,  a  new  type  of  fructification  among  fems.  The  fronds  are  ail 
simple,  linear,  10  to  20  or  more  cm.  long,  strongly  petiolate,  and 
hâve  a  Tœniopteroid  venation.  Two  species  are  represented  by  both 
stérile  and  fertile  fronds.  The  sporangia,  oval  or  slightly  elongate, 
are  situated  on  the  back  of  the  frond,  midway  between  the  veins,  ap- 
parently  sessile,  half  immersed  in  the  coaly  epidermis  of  the  frond. 
When  removed  from  the  frond,  their  position  is  marked  by  a  cup- 
shaped  dépression.  The  sporangia  on  one  species  are  aboat  three- 
fourths  mm.  apart,  five  or  six  between  each  two  veins.  On  the  other 
species  they  are  doser,  about  one-half  mm.  apart,  sixteen  to  eighteen 
between  cach  two  veins.  On  many  of  the  sporangia  a  transverse  slit 
is  seen  acroes  the  top  or  slightly  to  one  side,  very  similar  to  the  slit 
for  the  discharge  of  spores  on  many  living  fems  of  the  eusporangiate 
type. 

A  very  remarkable  group  of  herbaceous  fems  oocur  abundantly  in 
the  collection.  They  are  ail  small  plants,  10  to  30  cm.  high,  with 
pinnatifid  or  simply  pinnate  fronds.  They  comprise  three  species,  and 
by  their  f orm  are  referable  to  the  family  Alethopterideœ.  They  prob- 
ably  should  be  referred  to  a  new  genus. 

Other  gênera  présent,  so  far  as  determined,  are  Neuropteriê,  Odon- 
topteris,  Pecopteria,  Sphenopteria,  Sphenophyllum^  and  a  fragment 
of  leaf  belonging  to  the  Cordaitea  group. 

The  geological  range  of  Callipteria  conferta  has  an  interesting 
bearing  on  the  question  of  the  âge  of  the  uppermost  paleozoic  rocks 
of  Kansas.  The  species  is  characteristic  of  the  middle  and  lower 
Rothliegenden  of  Europe,  but  has  not  been  found  above  the  middle 
of  the  Permian.  It  has  also  been  found  in  the  Permo-carboniferous 
of  West  Virginia.  The  occurrence  of  this  species  near  the  top  of  the 
Kansas  strata  together  with  Sphenophyllum,  a  genus  that  has  not 
been  discovered  above  the  middle  of  the  Permian,  makes  it  improba- 
ble that  the  Kansas  beds  are  younger  than  middle  Permian.  While, 
on  the  other  hand,  the  présence  of  Callipteris,  a  Permian  genus,  and 
the  number  and  variety  of  plants  belonging  to  the  Tœniopteroid 
group,  as  well  as  the  gênerai  oharacter  of  the  flora,  tends  to  confirm 
the  Permian  âge  of  the  Kansas  Upper  Paleozoic. 

The  author  is  at  présent,  and  has  been  for  some  time,  working  on 
the  collection,  and  hopes  in  the  near  future  to  hâve  more  definite  re- 
sults  aiid  more  satisfactory  information  ih  regard  to  this  interesting 
flora. 
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Two  conics  which  lie  in  the  same 
plane  and  hâve  a  common  tangent  a 
are  correlated  projectivelj  to  each  other 
if  those  tangents  to  the  two  curves  are 
made  to  correspond,  which  interseot  in 
8,  Every  common  tangent  to  the  two 
curves  différent  from  «  is  a  self-corre* 
sponding  Une.  The  Une  s  itself  is  self- 
cor  responding  only  if  the  curves  hâve  a 
common  point  of  contact  in  s. 


BY   H.   B.   NEWSON. 

1.  Introduction.    On  page  137  of  Reye*8  Géométrie  der  Lage 

(  Holgate's  translation),  is  found  the  foUowing  pair  of  dualistic  tbeo- 

rems: 

Two  conics  which  lie  in  the  same 
plane  and  hâve  one  point  S  in  common 
are  correlated  projectively  to  each  other 
if  those  points  of  the  curvee  are  made 
to  correspond,  which  lie  in  a  straight 
line  with  À'.  Every  conmion  point  of 
the  curves  différent  from  S  is  a  self- 
corresponding  point.  The  point  S  is 
likewise  a  self-corresponding  point  if 
the  curves  hâve  a  common  tangent  in 
this  point,  i.  e.,  if  they  touch  each  other 
atS. 

In  vol.  IV,  page  243,  of  this  journal.  I  deduced  the  converse  of  the 
theorem  on  the  right,  and  showed  how  by  its  use  to  construct  the  five 
types  of  coUineations  in  the  plane.  In  the  Annals  of  Mathematics, 
vol.  XI,  page  148,  Prof.  Arnold  Emch  deduced  both  theorems  from 
the  properties  of  the  congruences  (1,  3)  and  (3,  1)  of  Unes  in  space. 

The  objeot  of  this  paper  is  to  construct  the  five  types  of  coUinea- 
tions by  means  of  the  theorem  on  the  left,  and  to  develop  the  analo- 
gous  method  for  constructing  the  thirteen  types  of  coUineations  in 
space. 

A. —  COLLINEATIONS   IN  THE   PlANE. 

2.  CîoNSTRUOTiON  BY  Means  op  Two  Conics.  Let  there  be  given 
two  projectively  related  conics  £  and  Ky^  intersecting  in  a  real  point 
S,  By  making  use  of  the  principle  that  corresponding  points  on  K 
and  £i  are  coUinear  with  S,  we  can  construct  the  line  g^  correspond- 
ing to  any  line  g  of  the  plane  ;  we  can  also  construct  the  point  JP^ 
corresponding  to  any  given  point  P, 

The  line  g  outs  A' in  Q  and  B;  join  Q  and  ^  to  S;  thèse  joins  eut 
Kl  in  Qi  and  Hi  corresponding  points  to  Q  and  R.  The  line  joining 
Qi  and  Bi  is  the  line  gi  which  corresponds  to  g.  If  a  point  P  be 
given,  we  find  Pi  by  drawing  two  Unes  g  and  g'  through  P  cutting  K; 
find  by  the  above  construction  the  corresponding  Unes  gi  and  g'i; 
thèse  interseot  in  Pi,  the  point  which  corresponds  to  P. 

If  the  line  g  cuts  JT  in  a  pair  of  imaginary  points,  the  construction 
of  gi  may  be  accomplished  by  choosing  two  points  0  and  0'  on  g  and 
constructing  their  corresponding  points  Gi  and  0\  ;  thèse  new  points 
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détermine  gi,  It  g  is  tangent  to  K,  g\  will  be  tangent  to  K\  and  the 
two  points  of  contact  will  be  collinear  with  S.  If  the  given  line  g 
passes  through  S  and  cuts  Kin  P  and  Ki  in  Pi,  the  corresponding  line 
is  found  by  joining  P\  to  Si  the  point  where  the  tangent  io  Keii  S 
cuts  Kl. 

Theorem  1.  A  collineation  or  projective  transformation  of  the 
plane  can  be  completely  constructed  hy  meana  of  two  conics  K'  and 
K\  intersecting  in  S. 

3.  Invariant  Points  and  Lines.  The  conics  À'^and  Ei  intersect 
in  S  and  generally  in  three  other  points  A,  JB,  C.     Since  any  line 
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through  s  outs  iT  and  AI  in  a  pair  of  corresponding  points,  it  foUows 
that  A,  B,  and  C  are  self -corresponding  or  invariant  points  on  K  and 
K\,  In  other-words  A,  B,  and  (7  are  invariant  points  and  the  linfs 
AB,  BC,  and  CA  are  self- corresponding  or  invariant  Unes  of  the  col- 
lineation.  Hence  in  the  most  gênerai  case  a  projective  transforma- 
tion of  the  plane  leaves  invariant  the  vertices  and  sides  of  a  triangle. 

The  three  points  A,  -5,  and  C  are  either  ail  real  or  one  is  real  and 
two  are  conjugate  imaginary;  for  the  real  conics  A'^and  Al  intersect 
either  in  four  real  points,  in  two  real  and  two  conjagate  imaginary 
points,  or  in  two  pairs  of  conjugate  imaginary  points.  Since  S  is 
real,  A,  B,  and  C  are  either  ail  real  or  one  is  real  and  two  conjugate 
imaginary. 

Theorem  2.  A  real  collineation  in  its  most  gênerai  form  leaves  a 
triangle  invariant  which  is  real  in  ail  of  its  parts  or  has  07ie  real 
and  two  conjugate  imaginary  vertices. 

4.  FivE  Types  op  CÎollineations.  The  five  well-known  types  of 
coUineations  in  the  plane  are  obtained  by  taking  the  two  conics  K 
and  Kl  in  différent  spécial  relations  to  each  other.  Thus  when  the 
two  conics  A'^and  Ai  of  the  above  construction  intersect  in  four  points 
we  hâve  what  is  called  type  I.  This  type  has  two  sub-types,  hyper- 
bolic  and  elliptic,  according  as  the  invariant  triangle  is  real  in  ail  its 
parts  or  partly  real  and  partly  conjugate  imaginary. 

If  the  two  conics  hâve  contact  of  the  first  order,  as  for  example 
when  A  and  B  coïncide,  the  transformation  is  said  to  be  of  type  II. 
If  the  two  conics  intersect  at  S  and  hâve  contact  of  the  second  order 
at  a  point  A,  the  invariant  figure  is  a  liaeal  élément  Ai,  and  the  trans- 
formation is  said  to  be  of  type  III. 

If  the  conics  A' and  Ai  hâve  contact  of  the  first  order  at  S,  then 
the  common  tangent  to  A^and  Ju  at  S  is  an  invariant  Une  ;  also  the 
lines  joining  S  to  the  other  two  points  of  intersection  are  invariant  lines 
of  the  collineation.  Thus  we  hâve  three  invariant  lines  through  JS 
and  oue  invariant  line  not  through  S,  The  transformation  of  this 
type  is  a  perspective  collineation  with  its  vertex  at  S  and  its  axis 
through  the  other  two  points  of  intersection  of  A' and  Aj  ;  itis  said 
to  be  of  type  IV.  If  A' and  II^  hâve  contact  of  second  or  third  order 
at  jS,  the  collineation  is  still  perspective  but  with  its  vertex  on  its 
axis  ;  it  is  said  to  be  type  V. 

Theorem  3.  TAe  construction  of  a  collineation  by  means  of  two 
conics  Kand  K^  gives  rise  tofive  distinct  types  of  coUineations,  ac- 
cording to  the  mutual  position  of  the  two  conics, 

5.  00^  Constructions  op  the  Same  Collineation.  Any  given 
collineation  Tcan  be  constructed  in  co'^  différent  ways,  as  we  proceed 
to  show.     There  are  oo  *^  conics  passing  through  the  three  invariant 
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points  A,  By  C.  Prom  thèse  oo  *  oonîos  one  can  form  oo  *  pairs  of 
conics  ;  out  of  thèse  oo  *  pairs  of  conics  oo  ^  pairs  will  give  rise  to  the 
same  coUineation.  For  let  us  choose  any  conic  L  passing  through 
A,  By  C,  The  transformation  Tconstruoted  by  A'^and  A\  transforme 
L  into  Zi,  intersecting  L  in  A,  B,  C,  and  V.  The  course  of  reason- 
ing  used  above  shows  that  corresponding  points  on  L  and  L^  are  col- 
linear  with  V,  Hence  the  two  conics  L  and  Zj,  may  be  used  to 
construct  the  collineation  Tin  the  same  way  that  K,  A'j,  and  S  were 
used.  It  is  évident  that  to  each  of  the  oo  ^  conics  through  A^  B,  and 
C  there  is  a  corresponding  conic,  and  hence  there  are  oo  *  différent 
constructions  of  the  same  transformation  T, 

Theorem  4.  A  collineation  T  can  he  constructed  hy  means  of  a 
pair  of  intersecting  conics  in  oo'^  différent  way  s, 

6.  Collineation  Constructed  by  Means  op  Two  Circles.  The 
collineation  constructed  by  means  of  two  intersecting  circles  A'and  K\ 
is  an  interesting  spécial  case.  Without  giving  the  proofs  I  shall 
state  only  the  results,  leaving  the  reader  to  work  out  the  détails. 
This  spécial  collineation  transforms  angles  into  equal  angles  and 
parallel  lines  into  parallel  Unes  ;  it  also  increases  or  diminishes  ail 
areas  by  a  constant  ratio,  which  is  equal  to  the  ratio  of  the  radii  of 
the  two  circles.  In  case  the  circles  are  of  equal  radii  the  collineation 
is  équivalent  to  a  rigid  motion  of  the  plane  into  itself . 

B. — Collineations  in  Space. 

7.  Two  Intersecting  Space  Cubics.  Let  us  suppose  that  a  given 
collineation  in  space  transforms  a  point  /Sinto  S\  and  S\  into  -Si.  The 
bundle  of  rays  through  S  is  transformed  into  the  bundle  through  Si, 
The  two  bundles  {S)  and  {S\)  are  projectively  related  and  hence 
(Reye's  Géométrie  der  Lage,  Zweite  Abtheilung,  S.  87.)  the  locus  of 
intersection  of  those  corresponding  rays  which  do  întersect  is  a  twisted 
cubic  C  passing  through  both  iS'and  S\.  In  like  manner  the  original 
bundle  through  aS*i  is  transformed  into  the  bundle  through  S2  ;  and  the 
corresponding  intersecting  rays  generate  a  second  cubic  Ci  passing 
through  S\  and  &.  Since  the  bundles  through  S  and  S\  are  trans- 
formed into  the  bundles  through  S\  and  S2  respectively,  it  f ollows  that 
Ihe  cubic  C  is  transformed  into  the  cubic  C\. 

The  Une  S  Si  is  a  common  ray  of  the  two  bundles  through  S  and  S\  ; 
considered  as  a  ray  of  the  bundle  through  S  it  is  transformed  into  the 
tangent  to  Cni  S\\  but  considered  as  a  ray  of  the  bundle  through  S\ 
it  is  transformed  into  the  Une  SiSi.  Hence  the  tangent  to  C'at  Si 
intersects  Ci,  and  &  is  this  point  of  intersection. 

Consider  a  point  P  on  C  and  its  corresponding  point  Pi  on  Ci. 
The  lines  AS'Pand  SiP  biq  corresponding  lines  in  the  two  bundles 
through  S  and  Si,  since  they  meet  on  (7.     But  S  is  transformed  into 
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Si  and  P  into  Pr,  hence  the  Une  SP  îs  transformed  into  SiPi, 
Therefore  SiP  and  Si  Pi  must  coincide,  since  they  each  correspond  to 
S  P.  Hence  P  and  Pi,  corresponding  points  on  the  two  cubics  C  and 
Cl,  are  coUinear  with  Si,  From  this  it  is  évident  that  the  two  cubics 
C  and  Cl  lie  on  the  same  quadrio  cône  with  vertex  at  Si. 

Theorem  5.  A  collineation  T  in  space  which  transforms  a  point 
S  into  Si  and  Si  into  &  transforma  the  cuhic  C  into  Ci;  C  a?id  Ci 
intersect  in  Si  and  lie  on  the  same  quadrio  cône  with  vertex  at  Si; 
a  pair  of  corresponding  points  on  C  and  Ci  are  collinear  with  Si, 

8.  (Construction  of  a  Collineation  by  Means  op  C  and  Cj.  By 
making  use  of  this  last  theorem  we  can  construct  the  plane  pi  corre- 
sponding to  any  given  plane  p,  The  plane  p  cuts  C  in  three  points 
P,  P\  P" ;  join  thèse  three  points  to  S^  ;  thèse  joins  eut  C^  in  P^, 
P\,  P'\,  corresponding  points  to  jP,  P\  P*',  Pass  a  plane  through 
Pj,  P\,  R\  and  this  is^j,  the  plane  which  corresponds  to^. 

To  construct  the  Une  g^  corresponding  to  any  given  Une  g  in 
space,  pass  two  planes  through  g  and  by  the  above  method  construct 
their  corresponding  planes;  thèse  intersect  in  gi  the  required  Une. 
To  construct  the  point  Pi  corresponding  to  any  given  point  P  in 
space,  pass  three  planes  through  P  aud  construct  their  corresponding 
planes  ;  thèse  new  planes  intersect  in  Pi. 

If  a  plane  p  cuts  C  in  one  real  and  two  conjugate  imaginary  points, 
only  the  point  corresponding  to  the  real  point  of  intersection  can  be 
constructed.  In  this  case  we  can  choose  two  other  real  points  in  p 
and  construct  their  corresponding  points  ;  thus  pi  is  determined. 

If  the  plane  p  is  tangent  to  (7,  the  corresponding  plane  pi  will  be 
tangent  to  Ci  and  the  two  points  of  contact  will  be  collinear  with  Si, 
If  the  given  plane  passes  through  Si  and  cuts  C  in  P  and  P',  the  cor- 
responding plane  pi  will  pass  through  Pi  and  P'i  and  the  point  where 
the  tangent  to  C  at  Si  cuts  Ci,  i,  e.,  at  Si, 

Theorem  6.  A  projective  tranfbrmation  of  space  can  he  completely 
const^'ucted  by  means  of  two  cubics  C  and  Ci  intersecting  in  a  point 
Si  and  lying  on  the  same  quadric  cône  with  vertex  at  Si. 

9.  Invariant  Points,  Lines,  and  Planes.  Two  cubics  C  and  Ci 
lying  on  the  same  cône  ^intersect  at  its  vertex  and  generally  in  four 
other  points  A,  B,  C,  D.  This  may  be  shown  as  folio ws  :  Two  twisted 
qaartics  on  the  same  surface  Pof  the  second  order  intersect  in  eight 
points.  When  P  dégénérâtes  into  a  oone,  each  quartio  dégénérâtes 
into  a  cubio  and  an  élément  of  the  cône.  The  vertex  of  the  cône  is  a 
doable  point  on  each  degenerate  quartic  and  hence  counts  for  two  in- 
tersections. The  points  in  which  the  éléments  belonging  to  each 
cubic  intersect  the  other  cubic  count  for  two  more  points  of  intersec- 
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tion  of  the  quartios  )  thus  we  hâve  lef t  four  points  of  intersection  of 
the  two  cubics. 

Silice  any  élément  of  the  cône  Kcxiia  C  and  Ci  in  a  pair  of  corre- 
sponding  points,  it  follows  that  A,  B,  C,  D  are  self-corresponding  or 
invariant  points  of  the  coliineation.  In  the  gênerai  case  thèse  four 
points  form  a  tetrahedron.  It  is  at  once  évident  that  the  four  faces 
of  the  tetrahedron  are  invariant  planes  and  the  six  edges  are  invariant 
Unes  of  the  coliineation. 

Theorem  7.  A  coliineation  T  constructed  hy  means  of  txoo  cubics 
C  and  Cl  leaves  invariant  in  the  gênerai  case  the  ver tices,  faces  and 
edges  of  a  tetrahedron. 

10.  The  Five  Primary  Types  of  Collineations.  There  are 
thirteen  types  of  collineations  in  space,  each  characterized  by  its  in- 
variant figure.  When  the  two  cubics  C  and  Cj  intersect  in  four  dis- 
tinct points,  the  coliineation  T'constructed  as  above  is  of  type  I. 
If  two  points  of  intersection  of  the  cubics  C  and  C^  coïncide  but  not 
at  the  vertex  of  the  cône,  the  coliineation  is  of  type  II.  If  the  four 
points  of  intersection  4,  B,  C,  D  coincide  two  and  two,  the  coliinea- 
tion is  of  type  III.  If  three  of  the  four  points  of  intersection  coin- 
cide, the  coliineation  is  of  type  IV.  If  ail  four  points  of  intersection 
coincide,  the  transformation  is  of  type  V.  Thèse  constitute  what  are 
called  the  fiye  primary  types  of  collineations  in  space. 

11.  If  one  of  the  four  points  of  intersection  of  C  and  C^  coïncides 
with  /Sj ,  the  vertex  of  the  cône,  the  common  tangent  to  C  and  C^  at 
S^  is  an  invariant  line  of  the  coliineation.  The  Unes  joining  S^  to 
the  three  remaining  points  of  intersection  B^  C,  D  are  likewise  inva- 
riant Unes;  thus  there  are  four  invariant  Unes  through  S^,  and 
therefore  ail  Unes  through  S^  are  invariant  Unes  of  the  transforma- 
tion. AU  points  of  the  plane  B,  C,  D  are  also  invariant  points  of  the 
transformation;  hence  our  transformation  Tin  this  case  is  of  type 
VI.  In  case  two  of  the  four  points  A,  By  C,  D  coincide  at  S^  so  that 
the  plane  of  invariant  points  passes  through  S,  we  hâve  a  coliineation 
of  type  VII.     Thèse  two  cases  are  both  perspective  collineations. 

12.  The  Six  Remaining  Secondary  Types.  The  cône  ^on  which 
the  cubics  C  and  C^  lie  may  degenerate  into  two  intersecting  planes. 
The  two  cubics  in  this  case  each  degenerate  into  a  conic  and  a  line  Z, 
respectively  h,  not  in  the  plane  of  the  conic,  meeting  the  conic  in  a 
single  point.  The  two  conics  lie  in  the  same  plane  and  generally  in- 
tersect in  four  points  S  ABC,  The  two  Unes  l  and  h  coincide 
throughout  and  pass  through  one  of  the  points  of  intersection,  say  A, 
of  the  two  conics. 

The  coliineation  constructed  by  means  of  thèse  two  degenerate 
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cubics  leaves  invariant  ail  points  on  the  line  lli  and  the  triangle 
ABC.  Such  a  collineation  is  of  type  VIII.  If  B  and  Cooincide 
the  collineation  is  of  type  IX.  If  J.  and  5  or  ^  and  6^  coïncide  the 
collineation  is  of  type  XI.  If  A  with  Ih  through  it  coincides  with  Si 
the  collineation  is  of  type  X.  It  A,  B,  and  Cb\\  coincide  the  colline- 
ation is  of  type  XIII.  If  A  and  B  both  coincide  with  JS  the  colline- 
ation is  of  type  XII.  In  each  of  thèse  types  the  invariant  figure  has 
at  least  one  line  of  invariant  points. 

Theorem  8.  The  method  of  constructing  a  collineation  in  space  hy 
7)iean8  oftxoo  twisted  cubics  lying  on  the  same  cône  gives  vise  to  ail 
of  the  thirteen  known  types  of  such  collineations. 

13.  00  ^  Différent  Constructions  of  the  Same  Collineation. 
The  construction  of  a  given  collineation  T'by  means  of  the  two  cubics 
(7  and  Ci  is  evidently  not  unique.  The  vertex  Si  of  the  cône  on  which 
the  cubics  lie  may  be  any  point  in  space.  For  each  point  in  space 
there  is  a  différent  pair  of  cubics  by  means  of  which  a  transformation 
Tcan  be  constructed;  in  other  words  there  are  in  the  gênerai  case 
ao  ^  différent  constructions  of  the  same  transformation  T. 

14.  COLLINEATIONS    WITH    THE     SaME     INVARIANT    TeTRAHEDRON. 

Passing  through  the  five  points  AB  CD  S  there  are  c»^  cubics;  for  a 
cubic  is  determined  by  six  points  and  each  point  counts  as  a  double 
condition.  There  are  c»  *  cônes  of  second  order  with  vertex  at  Si  ând 
passing  through  ABCD,  On  each  cône  there  are  cao^  of  the  cubics 
through  the  five  points  ;  hence  on  each  cône  there  are  oo  ^  pairs  of  cu- 
bics, each  pair  giving  rise  to  a  différent  collineation  with  the  same 
invariant  tetrahedron  ABCD.  Since  there  are  oo^  such  cônes,  there 
are  oo  ^  coUineations  which  hâve  the  same  invariant  tetrahedron. 
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With  Plates  xv,  xvi,  xvii. 

OWINQ  to  the  importance  of  the  question  with  regard  to  the  mech- 
anism  of  heredity,  the  manner  in  which  the  chromatin  is  sepa- 
rated  in  the  two  rapidly  succeeding  spermatocyte  divisions  has 
attracted  much  attention.  In  the  considération  of  this  problem, 
materials  derived  from  Ascaris  megalocephala,  différent  species  of 
Copepods  and  several  gênera  of  insects  hâve  been  largely  used.  The 
résulte  thus  obtained  are  of  a  widely  différent  character  ;  indeed,  ail 
the  possibilities  of  the  process  appear  to  hâve  been  exhausted  in  the 
explanations  of  différent  observers. 

Fundamentally,  the  question  involved  mîght  be  stated  somewhat 
in  this  form  :  Given  a  rod  ;  dérive  from  it  by  direct  division  four  ap- 
proximately  equal  rods.  Obviously  this  might  be  accomplished  by 
splitting  the  rod  twice  longitudinally  in  planes  at  right  angles  to  each 
other,  by  outting  it  across  iu  three  places,  or  by  splitting  it  once  lon- 
gitudinally and  then  halving  each  of  the  resulting  pièces  by  a 
cross-division. 

The  problem  of  securing  from  the  spireme  thread  of  the  sper- 
matocytes  the  quadripartite  chromosomes  which  enter  into  the 
subséquent  divisions  has,  in  fact,  thus  been  solved  by  différent  in- 
vestigators.  The  work  of  thèse  scientists  is  now  so  well  known  that 
it  is  hardly  necessary  to  review  it  hère,  but  in  order  to  make  a  con- 
sidération of  the  question  more  convenient,  I  will  briefly  advert  to 
typical  cases. 

The  simplest  method,  that  of  two  longitudinal  divisions,  finds  its 
exponent  in  Brauer,  who  reached  his  conclusions  from  a  study  of  the 
spermatogenesis  of  Ascaris  megalocephala.  In  this  animal,  it  is  as- 
serted  that  the  spireme  thread  divides  by  cleavage  at  right  augles  to 
its  length,  into  a  number  of  segments  equal  to  that  of  the  subséquent 
chromosomes.  Each  of  thèse  segments,  then,  by  two  divisions  par- 
allel  to  the  length  of  the  original  thread,  splits  into  four  rods,  which 
remain  bound  together  by  linin  fibers.  The  two  divisions  of  the 
spermatocytes  then  distribute  thèse  to  the  four  resulting  spermatids. 
This  conclusion,  although  apparently  well  substantiated,  remains  an 
almost  isolated  example,  and,  owing  to  the  fact  that  the  composition 
of  the  chromosomes  in  the  sexual  cells  of  this  worm  is  so  anomalous,  it 
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seems  to  me  that  any  résulta  derived  from  a  study  of  this  object  should 
iiot  be  accepted  uniess  well  supported  by  similar  appearances  in  other 
animais. 

The  other  possibilities  are  such  as  hâve  found  expression  from  in- 
vestigations upon  insect  material  and  that  of  other  Arthropods.  Wil- 
cox,  from  a  study  of  the  gênera  Melanoplus  and  Cicada,  becomes  an 
advocate  of  the  formation  of  the  tetrads  by  the  second  possibility,  i.  e,, 
by  repeated  cross-divisions.  As  in  the  case  of  Ascaris  y  there  is  little 
to  support  this  view  in  the  appearances  found  in  other  objects. 

The  remaining  explanation,  according  to  which  the  tetrad  is  f ormed 
by  one  longitudinal  and  one  cross-division,  is  advocated  by  Henking, 
vom  Rat  h,  and  Hacker,  and  more  recently  by  Paulmier  and  Mont- 
gomery.  Thèse  authors  are  ail  in  agreement  upon  the  question  of 
the  two  forms  of  division,  but  are  in  dispute  as  to  whether  the  longi- 
tudinal or  the  cross-division  is  first  to  occur. 

It  is  the  purpose  of  the  présent  paper  to  contribute  to  the  existing 
observations  upon  thèse  disputed  subjects  and  to  ofifer  some  explana- 
tions  suggested  by  the  study  of  Orthopteran  spermatogenesis,  as  mani- 
fested  in  the  Acrididœ.  The  principal  object  of  study  has  been 
Hîppiscus  phœnicopteruSy  but  the  facts  observed  in  this  form  hâve 
been  verified  by  examination  of  numerous  other  gênera,  so  that  what 
is  hère  given  may,  I  think,  be  considered  typical  for  the  family. 

I.— MATERIALS   AND   METHODS. 

The  first  spécimens  of  Hippiscus  were  captured  early  in  thespring. 
Thèse  were  either  adults,  or  nymphs  in  the  final  period  of  their  trans- 
formation, which  had  wintered  over  in  this  stage.  The  condition  of 
the  testes  in  the  two  forms  was  essentially  the  same.  In  the  foUicles 
of  the  first  indivîduals  taken  most  of  the  cells  were  in  the  prophases 
of  the  first  spermatocyte  division,  and  had  evidently  endured  the 
winter  in  this  condition,  for,  after  a  few  days  of  warm  weather,  large 
numbèrs  of  the  cells  were  observed  passing  through  the  later  stages 
of  division.  The  continuance  of  the  spireme  during  the  hibernation 
of  the  animal  was  further  confirmed  by  observations  upon  nymphs  of 
the  second  moult  taken  in  the  fall.  Hère  a  great  portion  of  each  foi- 
licle  was  found  to  be  fiUed  with  cells  established  in  the  spireme  stage. 

I  cannot  refrain  from  calling  attention  to  the  very  excellent  char- 
acter  of  the  material  conveniently  offered  by  this  widely  distributed 
insect  for  the  study  of  spermatogenesis.  The  cells  are  even  larger 
than  those  of  the  Amphiuma  testis  and  are  much  more  favorable  for 
observation  on  account  of  the  smaller  size  of  the  organ  and  lesser 
number  of  nuclear  éléments. 

For  fixing  the  tissue,  a  variety  of  agents  was  employed,  but  ail 
were  finally  discarded  in  favor  of  the  osmic  acid  mixtures  of  Hermann 
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and  Flemming.     Qilson's  aceto-nitric-sublimate  flaid,  however,  gave 
very  satisfactory  results. 

For  staining,  Heidenhain's  iron-hœmatoxylin  method  was  largely 
and  inost  satisfactorily  employed.  This  was  supplemented  by  the  use 
of  Flemming's  triple  stain,  which  is  very  valuable  for  indicating  the 
chemical  condition  of  the  ceilular  éléments  during  division. 

II.— NOMENCLATURE. 

In  order  to  avoîd  misunderstandings  conceming  the  différent  steps 
in  the  process  of  spermatogenesis,  I  will  briefly  outline  the  nomencla- 
ture that  I  employ.  This,  as  will  be  observed,  is  the  one  pruposed  by 
la  Valette  St.  George.  According  to  it,  the  cells  arising  from  the  pri- 
mordial germ  cells  are  designated  as  sperraatogonia  up  to  the  time 
when  they  cease  dividing  for  a  period  and  undergo  a  considérable  in- 
crease  in  size.  The  exact  period  at  which  the  cells  of  this  génération 
pass  over  into  the  next  is  raarked  by  the  reconstruction  of  the 
daughter  cells  of  the  last  division,  during  which  the  spermatogonial 
chromosomes  are  diffused  into  material  for  the  formation  of  the  sper- 
matocyte  spireme. 

This  is  a  clearly  indicated  change  in  the  material  that  I  hâve 
studied,  for  the  following  reasons  :  (1)  There  is  a  marked  différence 
in  the  staining  reaction  of  the  spermatogonia  and  that  of  the  other 
cell  générations,  both  in  the  resting  condition  and  during  division. 
This  consisis  in  a  stronger  gênerai  aflSnity  for  the  coloring  matters  as 
manifested  by  ail  the  cell  éléments,  so  that  the  région  of  the  testis 
occupied  by  thèse  cells  présents  a  dêeper  coloration  than  other  por- 
tions. (2)  The  cells,  because  of  the  rapidity  with  which  they  divide, 
are  smaller  than  those  of  the  succeeding  cell  générations,  and  the 
nuclei  occupy  a  relatively  larger  area.  (3)  The  number  of  chromo- 
somes* is  the  same  as  that  of  the  body  cells,  and  during  division  the 
éléments  are  rod-shaped  and  split  in  elongated  halves.  (4)  The 
spindle  is  shorter  and  its  outline  broader  than  that  of  the  spermato- 
cyte  division  figures.  (5)  The  centrosomes  are  often  more  clearly 
distinguishable  during  the  spermatogonial  division  than  they  are  in 
later  ones. 

Immediately  after  the  last  spermatogonial  division  the  cells  cease 
to  divide,  and,  during  a  considérable  length  of  time,  merely  increase 
in  size.  Thèse  cells  are  the  spermatocytes.  In  Hippiacus,  the  cells 
of  the  testis  pass  through  the  winter  in  the  prophases  of  this  stage. 
Early  in  the  spring  they  commence  to  divide  vigorously,  and  in  the 
division  figures  the  number  of  chromosomes  is  but  half  that  of  the 
spermatogonia.    The  spermatocytes  which  hâve  quadripartite  chromo- 

*Tbe  material  derived  from  Hippincun  is  not  saited  to  the  détermination  of  namerical  ratios, 
crmmt(  to  the  large  size  and  loo»e  distribution  of  the  éléments.  I  therefore  accept  the  anthority 
of  other  investigators,  pending  the  search  for  a  favorable  object. 
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someB,  and  whioh,  therefore,  are  the  earliest  to  divide,  are  called  the 
''first  spermatocytes."  Those  having  diad  chromosomes  in  the  meta- 
phase  are  denominated  ''second  spermatocytes."  By  the  division  of 
thèse  the  spermatids  are  formed.  There  is  no  resting  condition  of 
the  cells  between  the  two  divisions  of  the  spermatocytes. 

When  the  two  spermatocyte  divisions  are  completed,  the  end  of 
cell  division  is  reached,  and  the  subséquent  changes  undergone  by 
the  cells  are  merely  transformations.  Thèse  changes  are  experienced 
by  the  spermatids,  and,  at  the  completion  of  their  metamorphosis, 
they  become  spermatozoa,  the  mature  éléments  of  the  maie  sexual 
organs. 

Regarding  the  stages  of  the  division  processes,  I  recognize  four, 
depending  upon  the  condition  of  the  chromatin.  Thèse  are  (l)  the 
prophase,  during  which  the  chromatin  takes  on  the  form  of  a  thread 
and  then  divides  by  cross-division  into  a  number  of  segments  called 
chromosomes.  This  stage  terminâtes  and  (2)  the  metaphase  begins 
when  the  chromosomes  become  arranged  in  the  equatorial  plate.  The 
metaphase  witnesses  but  a  single  change  in  the  chromatin,  the  sépa- 
ration of  the  halves  of  the  chromosomes.  As  soon  as  this  is  com- 
pleted and  the  daughter  groups  of  chromosomes  commence  their 
movement  towards  the  two  pôles  it  is  ended,  and  the  succeeding  stage, 
(3)  the  anaphase,  is  inaugurated.  This  comprises  ail  the  movements 
of  the  chromosomes  from  their  position  in  the  equatorial  plate  until 
they  are  grouped  at  the  two  pôles  of  the  spindle;  hère  it  ends,  and 
the  final  stage,  (4)  the  telophase,  commences.  Thèse  terminal 
changes,  included  under  the  telophase,  consist  usually  in  a  loss  of 
the  identity  of  the  chromosomes,  the  arrangement  of  the  resulting 
chromatin  in  a  nuclear  vesicle  such  as  is  characteristic  of  the  resting 
cell,  and  the  séparation  of  the  halves  of  the  mothercell  by  the  growth 
of  a  cell  wall.  This  cycle  of  changes  terminâtes  and  the  next  one 
commences  when  the  chromatin  of  the  daughter  cells  leaves  the  dif- 
fuse condition  and  inaugurâtes  the  formation  of  a  spireme. 

In  the  spermatocytes,  of  course,  there  is  no  resting  condition  be- 
tween  the  divisions,  and  therefore  no  reconstruction  of  the  nuclei,  so 
that  the  termination  of  one  cycle  and  the  commencement  of  another 
is  marked,  principally,  by  the  growth  of  a  cell  wall  between  the  di- 
asters.  Applying  this  method  of  désigna ting  stages  in  the  process  of 
cell  division  to  the  cells  of  the  insect  testis,  we  would  mark  the  end  of 
the  spermatogonial  divisions  by  the  changes  which  resuit  in  the  re- 
construction of  the  nuclei  and  the  formation  of  cell  walls  between  the 
last  cells  that  divide  with  the  somatic  number  of  chromosomes  in  the 
mitoses.  The  prophases  which  succeed  this  division  belong  to  the 
spermatocytes  and  hâve  nothing  f urther  to  do  with  the  spermatogonia. 
I  am  thus  explicit  in  stating  my  position  on  this  point  because  Mont- 
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gomery,  in  bis  late  paper  upon  the  spermatogenesis  of  Pentatoma  (8), 
commences  bis  considération  of  tbe  spermatocytes  witb  tbe  anapbases 
of  the  spermatogonia.  To  tbe  treatment  of  this  part  of  the  subjeot 
by  Montgomery  I  sball  bave  occasion  to  ref er  later. 

It  will  be  noticed  that  I  make  no  référence  to  the  so-called  "synap- 
sis"  stage.  It  is  thus  sligbted  because  I  bave  good  reasons  to  regard 
it  merely  as  an  accident  in  the  process  of  préparation  and  not  as  a 
normal  condition  of  the  nuclear  éléments.  At  least  such  is  the  case 
in  the  testicular  cells  of  the  Orthoptera. 

As  stated  in  a  préviens  paper  (23),  I  agrée  witb  Montgomery  that 
the  désignation  "chromosome"  sbould  not  be  applied  indiscriminately 
to  ail  chromatic  éléments  that  occur  in  the  cell.  It  is  obviously  very 
confusing  to  bave  one  author  denominate  a  tetrad  a  chromosome,  and 
to  bave  another  apply  the  same  term  to  each  of  tbe  éléments  compos- 
ing  tbe  aggregate.  According  to  the  above-mentioned  author,  the 
chromosome  is  a  unit  prepared  for  séparation  in  the  equatorial  plate, 
and  it  is  to  units  occupying  this  position  in  the  cell  that  the  term 
sbould  be  applied,  regardless  of  what  they  bave  been  or  what  tbey  are 
to  become.  I  am  much  in  sympa thy  witb  the  endeavor  to  bave  the 
term  "chromosome"  apply  to  but  one  clearly  defined  cell  élément. 

Since,  however,  tbe  chromosomes  are  bodies  deaigned  to  be  sepa- 
rated  by  metakinesis,  which  do  not  acquire  their  full  development 
nntil  the  metaphase  is  reacbed,  I  do  not  hold  their  origin  in  the 
prophases  so  essential  in  their  détermination  as  does  Montgomery. 
This  would  be  a  matter  of  little  moment  were  it  not  for  the  accessory 
chromosome  that  occurs  in  insect  reproductive  cells.  This  élément, 
which  I  consider  as  much  a  chromosome  as  any  of  tbe  others  that  come 
to  lie  in  the  equatorial  plate,  never  loses  its  identity  in  tbe  prophases 
as  do  the  others,  and  so  cannot  be  traced  back  to  an  origin  from  the 
spireme  of  that  cell,  as  becomes  necessary  according  to  Montgomery's 
définition. 

While  subscribing,  therefore,  to  the  définition  proposed  by  this  in- 
vestigator,  in  so  far  as  it  concems  the  unity  of  the  élément  in  ques- 
tion, I  differ  from  him  witb  regard  to  the  importance  that  must  be 
attacbed  to  tbe  preliminary  stages  of  the  formation.  It  is,  of  course, 
impossible  to  make  a  définition  that  will  stand  accurately  for  ail  cases, 
especially  where  the  knowledge  is  so  scant  as  it  is  in  the  présent  in- 
stance,  but  for  oonvenience  of  description  it  is  almost  necessary  to 
bave  some  definite  statement  regardiug  tbe  viewsof  a  writer.  I  sball, 
on  that  account,  endeavor  to  state  in  a  f ew  mords  my  conception  of  a 
chromosome,  having  in  mind  the  points  made  by  Henking  and  Mont- 
gomery regarding  the  présent  value  of  the  élément,  without  question- 
ing  its  past  or  prospective  relationships. 

Thèse  considérations  would  lead  me  to  frame  a  définition  some- 
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what  as  foUows  :  A  chromosome  is  oae  of  the  chromatin  éléments  of 
the  nucleus  formed,  usually,  during  the  prophases  of  mitosis,  and 
divided  during  metakinesis  to  form  two  daughter  chromosomes.  In 
this  définition  the  word  "élément"  is  understood  to  signify  a  unit, 
simple  or  compound,  eeparated  from  the  rest  and  moving  as  an  indi- 
vidual  during  the  later  prophases  and  the  anaphases  of  mitosis.  Of 
necessity,  the  chromosome  of  the  prophase  and  that  of  the  anaphase 
differ.  The  latter  is  but  half  the  volume  of  the  former,  and  in  the 
germ  cells  has  only  half  its  valence,  but  in  one  essential  they  are  the 
same  :  each  is  acting  as  a  unit  among  coordinate  units  and  not  merely 
as  a  member  of  one  of  thèse.  Also,  it  is  regarded  that  metakinesis  is 
the  inauguration  of  the  individuality  of  the  daughter  cells,  so  that, 
while  the  cell  bodies  are  not  yet  separated,  the  unity  of  the  mother 
cell  has  been  destroyed  and  it  can  no  longer  be  regarded  as  a  simple 
individuality.  The  term  "chromosome"  being,  then,  restricted  to  the 
units  of  the  division  figures,  there  remains  no  name  for  the  parts  com- 
posing  thèse  when  they  are  compound,  as  in  the  tetrads  and  diads. 
This  is  the  want  which  I  believe  has  led  to  confusing  the  meaning  of 
the  word  "chronjosome."  I  find  it  very  difficult  to  express  myself 
clearly  and  succinctly  regarding  the  compound  éléments  without 
having  some  désignation  for  the  component  parts.  I  should  like, 
therefore,  to  propose  the  term  " chromatid"  for  each  of  thèse,  so  that 
we  might  speak  of  the  chromosomes  of  the  first  spermatocyte  in  the 
tetrad  condition  as  being  composed  of  four  "chromatids,"  while  those 
of  the  second  spermatocyte  would  contain  two.  So  far  as  I  know, 
there  has  been  no  such  word  compounded  from  the  familiar  etymo- 
logical  materials  of  cy tological  nomenclature.  I  therefore  feel  free  to 
make  use  of  the  term  as  being  both  suggestive  and  convenient. 

III. —  OBSERVATIONS. 

To  properly  understand  what  takes  place  during  the  spermatocyte 
mitoses,  it  will  be  necessary  to  examine  the  last  of  the  spermatogonial 
divisions,  particularly  the  anaphases  and  the  telophases,  forinthem  is 
the  material  that  is  directiy  transformed  into  that  of  the  sperma- 
tocytes. 

In  ail  of  the  spécimens  examined  the  spermatogonia  occupied  the 
distal  portion  of  the  foUicles.  Hère  they  are  plainly  to  be  observed, 
on  account  of  their  smaller  size,  denser  color,  and  large  number  of 
chromosomes.  The  purpose  of  this  article  does  not  require  a  dis- 
cussion of  the  spermatogonia,  and,  accordingly,  the  anaphases  of  the 
last  division  will  suffice  for  a  beginning  of  the  présent  discussion. 

Hère  the  long,  looped  chromosomes  lie  loosely  in  the  cell,  but  so 
entangled  that  it  is  difficult  to  enumerate  them.  Figs.  1  and  2  show 
the  cells  at  this  stage  of  their  growth.     Unlike  the  spermatogonia  of 
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Xiphidium,  there  is  as  yet  no  noticeable  appearance  of  the  accessory 
chromosome  so  strikingly  visible  in  the  spermatogonia  of  the  Locus- 
tidse. 

Immediately  foUowing  the  assembly  of  the  spermatogonial  chromo- 
somes at  the  pôles  of  the  mother  cell,  they  commence  to  disintegrate 
in  préparation  for  the  formation  of  the  nuciear  thread  of  the  sperma- 
tocy te.  This  is  a  very  interesting  process,  and  was  carefully  observed 
in  a  foUicle  where  the  relative  position  of  the  cells  olearly  indicated 
the  phases  of  development. 

The  first  thing  to  be  noted  is  the  change  in  the  character  of  the 
chromosomes.  Heretofore  smooth  in  outline  and  homogeneous  in 
structure,  they  now  become  irregular  in  form  and  of  a  granular  nature* 
A  little  later  it  will  be  seen  that  the  dispersion  of  the  chromatic  mate- 
rial  has  progressed  so  far  that  almost  ail  trace  of  the  individual  chro- 
mosome bas  disappeared.  Only  hère  and  there  doea  a  slight  massing 
of  the  chromomeres  indicated  the  position  of  a  former  chromosome. 
(Fig.  4.) 

Such,  however,  is  not  the  fate  of  ail  the  chromatic  éléments.  One, 
refusing  to  give  up  its  identity,  maintains  its  form  among  the  re- 
mains of  its  fellows  and  passes  into  the  spermatocytes  unchanged,  to 
become  the  accessory  chromosome,  whose  future  history  will  be  con- 
sidered  later. 

Prom  the  scattered  mass  of  chromatin  granules  produced  by  the 
breaking  down  of  the  spermatogonial  chromosomes,  there  is  now  con- 
structed  a  thin,  granular  thread  which  marks  a  very  early  stage  of 
spermatocyte  prophase.  This  becomes  more  definite  in  outline  and 
thicker  in  structure  until  a  single,  much-convoluted  thread  is  formed. 
(Figs.  5,  6,  7.)  While  ît  is  a  difficult  matter  to  détermine  with  cer-  • 
tainty  whether  or  not  the  end  of  this  process  results  in  the  formation 
of  a  single  thread,  I  am  inclined  to  believe  that  it  does. 

But  however  this  may  be,  there  is  no  doubt  that  shortly  afterwards 
a  séries  of  cross-divisions  results  in  the  establishment  of  a  number  of 
long,  irregular  chromatin  rods.  The  number  of  thèse  is  either  the 
same,  or  very  nearly  the  same,  as  that  of  the  chomosomes  appearing 
in  the  spermatocytes.  Figs.  8  and  9  show  the  conditions  prevailing 
at  this  time.  Shortly  after  this  a  marked  change  takes  place  in 
thèse  chromatin  segments.  The  coarsely  granular  character  thus  far 
noticeable  gives  way  to  a  much  finer  granulation  which  accompa- 
nies  a  shcnrtening  and  loosening  of  the  chromatic  segments.  The  chro- 
matin hère  gradually  passes  into  thread-like  processes  which  extend 
throughout  the  nucleus  and  join  the  rods  and  loops  together.  The 
form  and  structure  of  thèse  éléments  is  subject  to  considérable  varia- 
tion, as  may  be  observed  from  an  examination  of  Figs.  10,  11,  12,  and 
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13  ;  but  despite  the  multiplicity  of  their  forms,  thèse  precursors  of 
tbe  chromosomes  are  ail  referable  to  a  common  type. 

One  thing  of  striking  interest  and  importance  to  be  observed  at 
this  stage  is  the  clear  and  unmistakable  existence  of  the  longitudinal 
cleft  in  thèse  segments.  This  may  appear  more  or  less  clearly  mani- 
festa as  is  shown  in  Fig.  12,  but  there  is  absolutely  no  doubt  of  its 
présence.  Owing  to  the  varions  positions  assumed  by  the  chromatin 
segments  in  the  nucleus,  the  split  is  more  easily  observed  in  some  than 
in  others  or  even  in  différent  parts  of  the  segment,  as  is  shown  in  Fig. 
14. 

There  is,  in  nearly  every  case,  a  weak  place  about  the  center  of  the 
rod  or  loop.  As  a  resuit  of  this,  the  thread  often  becomes  bent  upon 
itself  at  an  angle  (Fig.  14),  thus  producing  the  double -V's  described 
by  Paulmier.  From  the  method  of  its  formation  and  subséquent  be- 
havior,  there  is  no  doubt  in  my  mind  that  this  represents  the  place 
where  the  chromatids  of  the  second  spermatocyte  division  are  to 
separate.  Certainly  the  space  between  the  arms  of  the  V's  corresponds 
to  the  longitudinal  cleft  of  the  thread  and  to  the  plane  of  cleavage  in 
the  first  spermatocyte  division. 

The  subséquent  behavior  of  thèse  peculiar  éléments  is  very  inter- 
esting  and  offers  us  a  key  by  which  we  may  détermine  whether  or  not 
the  séparation  of  the  chromatids  effected  by  the  first  spermatocyte 
division  is  longitudinal  or  cross.  It  is  at  this  point  where  the  greatest 
différence  of  opinion  conceming  the  behavior  of  the  chromatin  élé- 
ments exists,  and  I  shall,  therefore,  speak  in  détail  of  the  changes  now 
ensuing,  in  the  hope  that  the  observations  I  hâve  made  upon  the  ex- 
tremely  favorable  objecta  at  my  command  may  serve  to  aid  in  bringing 
together  and  unifying  the  diverse  résulta  obtained  by  other  investi- 
gators  who  hâve  not  been  so  fortunate  in  the  quality  of  their  material. 
The  conclusions  herein  set  forth  hâve  been  reaohed  only  after  caref ul 
and  painstaking  observations  and  I  feel  convinced  of  their  accuracy. 

The  method  by  which  the  tetrad  éléments  are  formed  is  particularly 
shown  in  Figs.  14,  15,  15a,  and  17.  The  planes  of  the  two  resulting 
cleavages  are  clearly  indicated  in  the  double-V  figure  represented  in 
Fig.  14.  This  will  serve  as  a  type  figure  to  which  we  may  refer  various 
modifications  for  explanation.  Instead  of  being  bent  at  the  middle, 
the  élément  may  maintain  the  form  of  an  approximately  straight  rod, 
in  which  case  the  point  of  cross-division  is  not  always  apparent. 
Again,  the  free  ends  of  the  rod  may  curve  around  until  they  come  in 
contact,  thus  producing  the  occasional  ring  figures  to  be  observed  in 
various  stages  of  the  first  spermatocyte  prophases.  Thèse  latter  are 
particularly  valuable  in  the  détermination  of  the  longitudinal  charac- 
ter  of  the  first  division. 
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In  the  stages  représentée!  in  Figs.  15, 15a  and  17  are  brought  ont 
several  points  whioh  I  wisb  to  emphasize.  It  will  be  noted  in  several 
of  the  éléments  that  the  Unes  of  the  two  divisions  are  very  clearly 
marked,  partioularly  so  in  the  onerepresented  in  Pig.  17.  It  will 
also  be  observed,  in  this  élément,  that  the  chromatids  hâve  moved 
upon  each  other  along  the  Une  of  the  cross-division  to  such  an  extent 
that  the  arms  of  the  resulting  cross-figure  approzimate  each  other  in 
length.  This  movement  is  a  very  significant  one,  as  I  hope  to  show 
in  oonsidering  the  later  stages  of  division. 

The  Unes  of  séparation  between  the  chromatids,  so  plainly  appar- 
ent in  thèse  early  stages,  entirely  disappear  with  the  subséquent  con- 
centration of  the  chromatin  éléments,  and  it  is  only  the  gênerai 
outline  of  the  chromosome  and  a  knowledge  of  its  formation  that 
enables  us  to  understand  what  takes  place  during  division. 

A  great  change  in  the  constitution  of  the  chromosomes  occurs  as 
the  metaphase  of  the  first  spermatocyte  division  is  approached. 
During  the  early  prophases,  the  rings,,  loops  and  rods  occurring  in 
the  nudeus  ail  display  the  diffused  granular  condition  represented  in 
the  figures.  The  essential  feature  of  their  further  development  con- 
sists  in  the  concentration  of  the  chromatic  material.  As  a  resuit  of 
this,  the  éléments  become  smaller  and  denser  and  aU  Unes  of  division 
between  the  chromomeres  become  indistinguishable.  This  is  true 
not  only  of  those  in  the  same  chromatid,  but  of  those  between  chro- 
matids, so  that  the  chromosomes  in  the  nuclear  plate  appear  to  be 
simple  homogeneous  bodies. 

From  what  foUows  in  the  resulting  early  anaphases,  it  would  ap- 
pear that  the  chromatids  of  each  chromosome  are  bound  together  by 
certain  intrinsic  forces  which  maintain  a  unit  élément  so  long  as  they 
are  undisturbed.  The  resuit  is  an  obUteration,  but  not  destruction, 
of  the  individuality  of  the  constituent  éléments.  This  is  very  plainly 
apparent  in  their  later  behavior.  Thus,  immediately  after  the  halves 
of  the  chromosomes  are  separated  in  the  metaphase,  the  free  ends,  not 
attached  to  the  spindle  fibers,  immediately  diverge,  showing  a  Une  of 
séparation  between  the  two  chromatids,  which  is  quite  indistinguish- 
able in  the  apparently  simple  rod  which  they  constituted. 

This  coalescence  of  the  éléments  and  their  ability  to  move  along 
each  other,  as  shown  in  the  earUer  prophases,  put  us  in  possession 
of  the  necessary  facts  to  détermine  the  exact  character  of  the  sperma- 
tocyte divisions. 

I  now  wish  to  call  attention  to  Figs.  18, 19,  and  20,  which  exhibit 
the  metaphase  of  the  first  spermatocyte  division.  The  great  variation 
in  the  form  of  the  chromosomes  was  for  some  time  very  puzzling, 
and  it  was  not  until  I  had  made  out  their  constitution  that  I  could 
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nnderstand  the  meaning  of  this  diversity  of  form.  Once  understood, 
however,  the  process  is  one  of  extrême  simplicity.  In  Fig.  22  I  bave 
drawn  a  number  of  chromosomes  under  the  caméra  lucida  which  show 
the  progressive  changes  undergone  by  thera  during  division.  Those 
from  a  io  e  lay  in  the  eqaatorial  plate  of  one  nucleus,  and  are  as  clear 
as  diagrams  in  their  indication  of  the  intrachromosomal  movements. 

At  a,  the  chromosome  lies  with  its  longer  diameter  (corresponding 
to  the  length  of  the  thread  from  which  it  is  derived  )  in  the  eqaatorial 
plane.  At  its  center  (which  represents  the  point  where  the  cross- 
division  is  indicated  in  the  earlier  prophases)  are  attached  the  fibers  of 
the  spindle.  At  b  is  shown  an  early  effect  of  the  fiber  contraction, 
which  results  in  the  formation  of  a  cross-ôgure  with  its  longer  arm  in 
the  equatorial  plate  (compare  this  with  the  chromatin  élément  shown 
in  Fig.  17).  A  further  contraction  of  the  fibers  brings  about  a  length- 
ening  of  the  arms  to  which  they  are  attached,  and  a  corresponding  short- 
ening  of  those  lying  across  their  axis.  This  continaes  until  the  resuit 
indicated  at  d  is  reached.  It  will  be  noted  that  this  chromosome  has 
almost  exactly  the  same  form  as  that  of  a,  except  that  its  longer  diam- 
eter lies  parallel  to  the  axis  of  the  spindle.  The  traction  exerted  by 
the  fibers  continues  until  the  halves  of  the  chromosome  are  separated, 
as  shown  in  e,/,  and  g,  At  h  is  presented  a  chromosome  of  the  stage 
represented  at  a,  but  viewed  from  the  pôle  of  the  cell.  Imagine 
the  ends  of  the  structure  to  be  brought  around  until  they  coalesce, 
when  the  ring  represented  at  i  will  be  formed. 

Knowing  the  composition  of  the  chromosome,  one  can  easily  con- 
ceive  what  takes  place  during  the  séparation  of  its  halves.  It  is  évi- 
dent that  the  chromatids  on  each  side  of  the  longitudinal  division, 
aoted  upon  by  the  contracting  fibers,  move  along  upon  each  other 
as  they  did  during  the  earlier  prophase  when  their  structure  was 
less  dense  and  the  spaces  between  them  were  manifest.  That  the 
demarkation  between  the  chromatids  was  not  lost  is  évident  from 
an  examination  of  Fig.  21.  Hère  it  is  observable  that  the  diads, 
shortly  after  they  hâve  separated,  exhibit  their  dual  nature  by  spring- 
ing  apart  at  the  ends  not  attached  to  the  fibers.  This  plane  of  sépa- 
ration doubtless  existed  in  the  tetrad,  but  on  account  of  the  cohesive 
forces  prevailing  in  the  élément  it  was  not  visible.  Immediately 
upon  the  destruction  of  the  balance  of  forces  there  established,  how- 
ever,  the  éléments  separated  and  manifested  their  individuality. 

There  is  no  question,  I  think,  but  what  the  division  of  the  chorao- 
somes  in  the  first  spermatocyte  of  Hippiscus  takes  place  as  I  hâve 
indicated,  and  an  examination  of  many  other  Orthopteran  species 
leads  me  to  believe  that  it  is  the  usual  method  of  division  in  this 
oïder.     Indeed,  I  should  not  be  surprised  if  it  were  a  method  com- 
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mon  to  ail  insects.  The  work  of  Paulmier  makes  it  almost  certain 
that  the  processes  prevailing  in  the  Orthoptera  also  obtain  in  Hem- 
iptera.  The  rings  and  crosses  figured  by  inany  investigators  in  plant 
and  animal  cells  might  easily  be  referred  to  some  stnictare  of  this 
character. 

Référence  was  made  on  an  earlier  page  to  the  conclusive  évidence 
oflFered  by  the  ring  figares  with  regard  to  the  character  of  the  first 
spermatocyte  division.  This,  I  think,  cannot  be  disputed.  The 
rings,  with  the  point  of  cross-division  to  which  the  threads  are  at- 
tached  indicated  by  a  slight  projection,  corne  to  lie  in  the  equatorial 
plate.  With  the  contraction  of  the  fibers  the  halves  of  the  rings  sep- 
arate  more  and  more,  until  at  the  point  of  final  séparation  the  result- 
îng  figure  differs  in  no  marked  degree  from  that  of  the  rod  type. 

If  the  chromosomes  of  the  spermatocytes  are  formed  from  the 
spireme  thread  by  one  longitudinal  and  one  cross-division,  it  might 
naturally  be  supposed  that  it  is  a  matter  of  little  moment  which  of 
thèse  séparations  occurs  first.  Indeed,  it  might  be  thought  that  the 
chromosomes  could  divide  indiscriminately  in  the  two  spermatocyte 
divisions,  some  splitting  longitudinally,  and  some  across,  in  the  first 
spermatocyte  mitosis.  Such  an  occurrence  has,  in  fact,  been  described 
by  some  authors. 

From  my  stadies  of  insect  spermatogenesis,  I  am  led  to  believe 
that  such  a  phenomenon  rarely,  if  ever,  occurs.  On  the  contrary,  the 
chromosomes  manifest  such  a  constancy  of  habit  as  to  indicate  some 
f undamental  principle  in  the  order  of  their  divisions.  What  this  may 
be  is  not  now  apparent,  but  it  is  none  the  less  real,  I  think.  Owing 
to  the  peculiar  changes  undergone  by  the  chromosomes  in  the  first 
spermatocyte  mitosis,  it  is  conceivable  that  the  diverse  accounts  of 
différent  authors  may  be  due  to  faulty  observations  upon  unfavorable 
material.  Certainly  I  should  ascribe  great  constancy  to  the  séquence 
of  the  divisions,  for  ail  manifestations  of  cellular  activity  point  todefi-^ 
ni  te  and  characteristic  changes  in  the  nuclear  éléments.  I  cannot,  in 
the  light  of  my  présent  studies,  subscribe  to  any  theory  which  ex- 
plains  the  division  of  the  chromosomes  as  one  of  mère  mass  séparation. 

A  telophase  of  the  first  spermatocyte  division  is  represented  in  Fig.. 
23.  Hère  it  will  be  noticed  that  the  diads  hâve  become  grouped 
together,  indistinguishably,  into  a  mass.  There^is,  however,  no  reason 
to  believe  that  they,  in  any  way,  lose  their  identity.  There  is  no  suçh 
thing  as  a  resting  stage  between  the  two  spermatocyte  divisions.  As 
soon  as  the  archoplasm  has  had  time  to  distribute  itself  in  the  daugh- 
ter  cells  and  thèse  hâve  become  separate'and  distinct  individualities, 
the  second  spermatocyte  division  figure  is  formed.  In  it,  we  note 
just  such  éléments  as  appear  in  the  anaphases  of  the  first  spermato- 
cyte. 
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Figs.  24  and  25  show  the  metaphase  of  the  seoond  spermatocyte 
division.  The  diad  oharaoter  of  the  chromosomes  is  hère  plainly  ex- 
hibited,  and  there  is  no  oblitération  of  the  boundaries  between  the 
chromatids,  which  is  so  characteristic  an  appearance  of  the  éléments 
in  the  first  spermatooyte.  The  chromatids  are  superimposed  upon 
each  other  in  the  plane  of  the  spindle  axis  so  that  their  séparation  in 
metakinesis  is  a  very  simple  matter.  The  union  of  the  diad  éléments 
seems  to  be  a  slight  one,  their  only  point  of  contact,  usnally,  being 
that  at  which  the  fibers  of  the  first  spermatocyte  division  were  attached. 

The  character  of  the  spindle,  also,  throws  some  light  upon  the  na- 
ture of  the  chromosomes.  It  is  small  and  weak  compared  with  that 
of  the  first  spermatocyte  division,  showing  that  the  force  necessary 
for  the  séparation  of  the  diad  éléments  is  slight.  It  is  also  more  un- 
stable  and  transient  than  that  of  the  preceding  cell  génération.  Figs. 
26  and  27  show  anaphases  of  the  second  spermatocyte.  It  is  notice- 
able  that,  with  the  polar  movement  of  the  chromosomes,  the  spindle 
is  also  elongated,  so  that  it  stretches  throughout  most  of  the  length 
of  the  cell.  As  a  resuit  of  this  longitudinal  extension,  the  spindle 
becomes  almost  non-exîBtent  at  the  end  of  the  anaphase,  being  repre- 
sented  only  by  a  few  masses  of  archoplasmic  substance. 

The  telophases  are  brief,  and  soon  from  the  second  spermatocyte 
are  formed  the  spermatids  which  transform  directly  into  spermatozoa. 
The  changes  involved  in  this  process  are  not  conneoted  with  the  sper- 
matocyte divisions,  and  so  will  be  left  for  a  subséquent  paper,  where 
they  may  be  considered  in  détail. 

Only  casual  mention  has  as  yet  been  made  of  the  interesting  struc- 
ture described  under  the  name  of  "accessory  chromosome"  in  a  pré- 
viens paper  (23).  The  material  for  the  earlier  work  was  derived 
exclusively  from  the  LocustidsB,  and  it  was  surmised  that,  although 
this  élément  might  be  found  in  ail  insects,  there  would  be  more 
or  less  différence  in  its  form  and  behavior  in  varions  species. 

Thèse  surmises  hâve  been  verified  by  subséquent  study.  A  great 
many  spécimens,  drawn  from  the  différent  orders  of  insects,  hâve  been 
examined,  and  in  no  case  was  the  absence  of  the  accessory  chromosome 
noted.  On  the  other  hand,  considérable  diflferences  were  found  to 
exist  in  the  gênerai  character  of  the  élément.  Since,  however,  the 
material  for  the  présent  paper  was  taken  from  the  Orthoptera,  oom- 
parisons  will  not  be  instîtuted  except  among  the  subdivisions  of  this 
order. 

Some  broad  diflferences  with  respect  to  this  nuclear  élément  ex- 
ist between  the  Locustidœ  and  the  Acrididœ.  In  the  former  family, 
as  previously  described,  the  accessory  chromosome  arises  some  time 
before  the  last  of  the  spermatogonial  divisions,    It  may  be  observed 
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as  a  large  and  striking  élément  of  the  mitoses  of  thèse  cell  générations 
some  time  before  the  transformation  into  spermatocytes.  Just  when 
it  arises,  or  how,  is  not  known.  It  appears  first  in  the  resting  stage 
of  the  spermatogonia,  and  from  this  time  on  throughout  its  whole  his- 
tory  it  manifesta  a  steady  and  constant  character.  In  relative  size  it 
is  always  much  larger  than  the  other  chromosomes,  and  in  staining,  it 
maintains  a  constancy  in  striking  contrast  to  them.  Its  part  in  the 
formation  of  the  spermatozoon  is  conspicuous  and  apparently  impor- 
tant. 

In  the  Acrididœ,  the  nniformity  of  staining  power  and  the  periph- 
eral  position  in  the  nucleus  are  maintained  by  the  accessory  chromo- 
some, but  its  origin  and  relative  size  appear  to  be  différent.  Instead 
of  appearing  daring  a  resting  period  among  the  diffased  chromatin, 
it  is  at  first  observed  as  one  of  the  spermatogonial  chromosomes  per- 
sisting  in  the  nucleus,  while  its  fellows  break  down  into  a  granular 
mass  of  chromatin. 

Appearing  thus  in  the  last  séries  of  spermatogonia,  it  does  not  ex- 
hibit  in  its  peouliar  character  until  the  spermatocytes  are  established. 
Fig.  4  shows  the  first  stage,  so  far  observed,  in  the  production  of  the 
accessory  chromosome  in  Hippiscuê.  Throughout  the  prophases  of 
the  first  spermatocyte,  it  is  to  be  noted  as  a  strongly  staining,  sharply 
outlined  body,  lying  directly  under  the  nuclear  membrane.  In  this 
character  and  position  it  persists  until  it  takes  its  place  in  the  meta- 
phase  ready  for  division.  Hère  it  is  so  much  like  the  rest  of  the 
chromosomes  that  it  is  impossible  to  distinguish  it  from  the  others. 
There  is,  therefore,  every  reason  to  believe  that  it  comporta  itself 
through  the  division  like  its  fellow  chromosomes.  A  discussion  of 
its  position  and  character  in  the  spermatid  will  be  reserved  for  a  sub- 
séquent paper. 

The  alluring  explanatîon  by  Paulmier  conceming  the  function  of 
the  accessory  chromosome  unfortunately  receives  no  support  in  the 
behavior  of  this  structure  in  the  Orthopteran  testis.  If  extrême 
constancy  in  form,  structure  and  staining  reaction  is  any  indication 
of  permanency  and  importance,  then  no  other  cell  élément  excels 
this  one  in  the  possession  of  thèse  qualifies.  Every  observation  made 
upon  members  of  the  AcrididaB,  as  well  as  of  the  Locustidse,  tends  to 
support  the  view  that  the  accessory  chromosome  is  of  primary  im- 
portance in  the  development  of  the  spermatozoon.  It  is  almost  in- 
variably  the  case  that  when  a  part  is  in  the  progress  of  degeneration 
it  becomes  extreraely  variable  and  eccentric  in  its  behavior,  During 
ail  the  divisions  in  which  it  takes  part,  the  accessory  chromosome  pur- 
sues  a  uniform  course,  with  the  apparent  purpose  of  carrying  its  sub- 
stance through  to  the  end  of  the  process  with  the  least  possible  in- 
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fluence  from  the  rest  of  the  chromatin.  Stndies  in  progress  in  this 
laboratory  by  a  student,  Mr.  W.  S.  Sutton,  show  that  so  strenuous  is 
this  endeavor,  that  during  ail  the  spermatogonial  divisions  the  ac- 
cessory  chromosome  is  provided  with  a  separate  vesicle  whose  con- 
tents do  not  mingle  with  those  of  the  ordinary  nuclear  vesicle,  except 
during  the  actaal  process  of  separating  the  daughter  chromosomes. 
Sach  a  refinement  of  nîcety  would,  to  say  the  least,  be  extremely  in- 
compatible with  our  nsual  ideas  of  degeneration.  Some  more  im- 
médiate connection  with  the  idioplasm  than  is  enjoyed  by  the  ordinary 
chromosome,  it  seems  to  me,  would  be  a  more  probable  explanation 
of  the  accessory  chromosome's  behavior  than  would  one  which  regards 
it  as  possessing  the  évidence  of  degeneration. 

In  respect  to  the  functîon  of  this  remarkable  élément,  nothing 
definite  can  as  yet  be  said.  By  its  formation,  it  is  removed  from  the 
influences  operating  upon  the  rest  of  the  chromatic  material  during 
the  long-continued  prophases  of  the  first  spermatocyte  division.  This 
is  the  time  when  the  f  undamental  différences  in  chromosome  struc- 
ture between  the  germ  cells  and  the  somatic  cells  are  inaugurated, 
and  during  this  time  the  accessory  chromosome  remains  apart  and 
distinct  from  the  rest  of  the  chromatic  material.  It  thus  seems  to  be 
the  conserver  and  bearer  of  certain  properties  which  it  is  désirable 
not  to  hâve  disturbed  during  the  early  phases  of  the  first  spermato- 
cyte division.  The  pan  it  plays  in  fertilization  has  not  yet  been  de- 
termined,  and  so  we  hâve  no  definite  ground  upon  which  to  base  any 
théories  concerning  its  function. 

There  is  one  thing,  however,  which  I  think  stands  out  clearly  and 
defiriitely  as  a  resuit  of  even  our  limited  knowledge  of  this  élément. 
The  theory  of  the  individuality  of  the  chromosome  must  certainly  re- 
ceive  a  strong  support  from  the  behavior  of  this  aberrant  représenta- 
tive.    Indeed,  a  more  conclusive  proof  could  hardly  be  imagined. 

Concerning  the  name  to  be  applied  to  this  élément,  perhaps  a  little 
might  be  fiaid.  I  am  more  firmly  than  ever  convinced  that  it  should 
be  classed  among  the  chromosomes,  since  it  really  is  one  and  never 
any  thing  else.  Under  no  considération,  I  believe,  should  it  be  placed 
with  the  ill-defined  group  oî  nuclear  bodies  included  under  the  term 
"nucleoli."  The  real  character  of  the  chromosome  oannot  be  ascer- 
tained  until  its  office  during  fertilization  and  cleavage  has  been 
disoovered;  meanwhile  the  qualifying  term  "accessory"  serves  to 
distinguish  this  chromosome  from  ail  others,  and  is  gênerai  enough 
not  to  prédispose  any  one  toward  one  conception  or  another  while  the 
solution  of  its  character  is  in  abeyance.  The  strictly  chromatic  nature 
of  this  élément  is  recognized  by  Paulmier  in  his  latest  work  (26), 
where  he  désignâtes  it  as  the  "small  chromosome."     It  is  to  be  re- 
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gretted  that,  after  having  so  far  apprécia ted  the  character  of  the 
structure,  he  should  confuse  the  nomenclature  by  npplying  the 
qualifying  term  "small"  to  it.  The  argument  (26,  p.  251)  he  so 
justly  uses  against  the  word  "mitosome"  applies  with  equal  force  in 
the  présent  instance,  and  condemns  the  expression  "small  chromo- 
some" as  a  misnomer,  because,  in  most  insects,  this  chromosome  ex- 
ceeds  ail  the  others  in  size.  Accordingly,  the  preliminary  term  will 
be  continued  until  a  more  fitting  one  is  found. 

IV. — COMPARISONS   AND   CONCLUSIONS. 

With  due  regard  to  the  importance  of  theoretical  and  comparative 
work,  I  hope  to  avoid  what  is  certainly  an  error  :  the  érection  of  a 
large  superstructure  of  theory  upon  a  small  f oundation  of  fact.  Only 
the  comparative  study  of  numerous  forms  can  serve  as  the  basis  for 
any  far-reaching  théories,  and  this,  I  believe,  is  yet  to  be  accom- 
plished.  Since,  however,  the  ground  must  first  be  cleared  by  weed- 
ing  out  the  errors  that  unavoidably  spring  up  in  preliminary  work  of 
this  kind,  I  venture  to  suggest  instances  wherein  such  mistakes  ap- 
pear  to  hâve  been  made  by  other  investigators.  In  order  to  facilitate 
such  a  discussion,  the  generally  accepted  facts  of  the  subject  will  be 
outlined  in  the  beginning, 

In  the  process  of  germ-cell  formation  in  the  maie  organism,  there 
are  three  generally  recognized  stages.  The  first  of  thèse  includes  the 
changes  by  means  of  which  the  primordial  germ  cell,  by  rapid  and 
repeated  divisions,  gives  rise  to  a  large  number  of  cells,  commonly 
called  spermatogonia.  Thèse  changes  are  included  under  what  is 
usuaUy  termed  the  "division  period."  At  its  conclusion  there  are  to 
be  found  in  the  sexual  organ  considérable  numbers  of  cells  which  do 
not  enter  into  division,  but  gradually  increase  in  size  during  the  early 
prophase  of  a  long-delayed  mitosis.  Thèse  cells  are  then  said  to  be 
passing  through  the  "growth  period."  This  prolonged  existence  in 
the  prophase  is  an  évident  préparation  for  the  unusual  and  character- 
istic  divisions  which  foUow.  The  essential  features  of  thèse  are  the 
halving  of  the  usual  number  of  chromosomes,  the  production  of  others 
that  are  quadripartite  in  character,  and  the  séparation  of  thèse  by  two 
rapid  divisions  without  an  intervening  resting  stage.  Thèse  fall 
within  the  "maturation  period,"  so  called.  In  the  process  of  sperma- 
togenesis,  there  foUows  a  séries  of  transformations,  as  a  resuit  of  which 
the  cells  are  converted  into  the  highly  specialized  éléments  known  as 
spermatozoa. 

With  thèse  facts  accepted,  there  remain  to  be  determined  the 
means  by  which  the  number  of  chromosomes  is  reduced,  and  the 
methods  by  which  the  tetrads  are  separated  without  entering  into  a 
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refiting  condition  between  two  oonsecative  mitosee.  Thèse  are  the 
points  which  I  wish  to  oonsider  hère. 

Already  the  gênerai  methods  of  tetrad  formation  haTe  been  out- 
lined.  Now  1  wish  to  take  up  in  a  more  detailed  way  the  work  done 
upon  insect  material.* 

Wilcox  (19),  (20),  (21),  from  a  studyof  the  "  Spermatogenesis  of 
Caloptenua  femur-rubrum,  and  Cicada  tibicen"  concludes  that  the 
tetrads  are  formed  by  segmentation  of  the  spireme  thread  into  parts 
equal  in  number  to  the  chromosomes  of  the  spermatogonia.  Thèse 
subsequently  unité  by  twos,  and,  by  a  concentration  of  the  chromatio 
substance  at  the  ends  of  the  two  rods,  produce  the  tetrads.  As  each 
élément  of  the  tetrad  is  considered  a  chromosome,  no  form  of  division 
is  possible  except  a  cross-division  separating  whole  chromosomes. 
This  fact  is  recogniz^d  by  Wilcox,  when  he  states  that,  "According 
to  my  interprétation  of  the  Vierergruppen  in  Caloptenuê,  the  formula 
would  be  cl  d  •  Both  the  divisions  f  oUowing  the  formation  of  a 
Vierergruppe  would  therefore  be  réduction  divisions.  ...  If  my 
description  of  the  ring  formation  be  accurate,  there  may  be  two  ré- 
ductions." 

I  hâve  examined  numerous  species  of  Melanoplus,  including^i^mt^r- 
rubrum,  and  I  hâve  never  found  anything  to  support  the  statements 
of  Wilcox.  I  am  convinced  that  he  is  mistaken  in  his  view  of  tetrad 
formation. 

His  error  arises  principally  in  interpretiug  the  segments  formed 
from  the  spireme  thread.  In  ail  the  material  that  I  hâve  studied 
there  exists  an  indisputable  longitudinal  splitting  of  the  chromatio 
thread.  This  may  be  traced  down  through  the  rings  and  similar 
structures  into  the  chromosomes  themselves.  This  fact  has  escaped 
Wilcox's  observation,  for  in  his  later  paper  (20)  he  réitérâtes  his  be- 
lief  in  the  absence  of  any  longitudinal  division. 

Having  convinced  himself  of  this  fact,  he  proceeds  to  explain  the 
origin  of  the  tetrads  by  means  of  repeated  cross-divisions  of  the 

*  It  haa  not  been  my  parpoae,  in  this  paper,  to  earry  a  comparison  of  my  results  mneh  be- 
yond  the  work  done  npon  inaect  material.  1  cannot,  however,  avoid  a  brief  référence  to  the 
articles  of  some  investiffators  where  the  conclusions  a^ree  so  dosely  with  my  own.  I  would 
mention  especially  tboee  of  Moore  (19)  upon  the  Elasmobranch  «permatogenesis,  Oriflin  (S5) 
upon  ThaloêMemn  and  Zirphœa,  and  Atkinson  (24)  upon  Ari»œmn  and  TrilHum.  The  close 
concordance  of  thèse  résulta  upon  materiaie  derived  from  eo  widely  différent  forms  speaks  mo»t 
Btron^ly  for  the  existence  of  a  tyxM  form  of  division  which,  I  believe,  will  be  ezemplifled  more 
and  more  widely  as  différent  species  of  animaln  and  plants  are  studied. 

The  clear  and  accurate  conclusions  of  Griffin  receive  so  strong  a  confirmation  from  the  ap- 
pearances  noted  in  Hippiseut  as  to  make  a  reasonable  donbt  of  their  correotness  almost  impoe> 
•ible.  Owinir  to  the  favorable  character  of  the  early  prophase  stages  and  the  progressive 
changes  of  the  différent  metaphase  chromosomes  in  HippUeuM,  any  unoertainty  that  might 
bave  attached  to  Qriffin*s  conclusions  regarding  the  séquence  of  the  longitudinal  and  erosir- 
dl  vision  is  dispelled. 

Besides  thèse  inhtances  where  the  observer  has  elearly  understood  and  deflnitely  remarked 
the  character  of  the  maturation  divisions,  there  are  other  cases  where  the  figures  presented  by 
différent  authors  would  indicate  the  existence  of  a  modified  form  of  this  type  division,  although 
their  interprétations  of  them  lead  to  différent  conclusions. 
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thread.  In  elaborating  this  conception,  there  is  no  denying  that  bis 
diagrams  are  much  more  conclasive  than  are  bis  figarep. 

Tbe  dumb-bells  wbiob  be  représente  are  notbing  more  nor  less 
tban  tbe  U-sbaped  figores  so  common  to  insect  spermatogeneeis.  I 
am  quite  at  a  loss  to  reconcile  bis  union,  by  pairs,  of  tbe  cbromatio 
segments  witb  any  real  occurrences  in  tbe  spermatocyte  propbases. 

Again,  in  bis  interprétation  of  tbe  completed  tetrad  I  consider 
Wilcox  in  error.  I  bave  never  yet  observed  in  Ortbopteran  material  te- 
trads  composed  of  spberical  cbromatids.  In  tbe  Acrldidse,  at  least,  tbey 
correspond  in  structure  and  metbod  of  division  to  tbose  of  Hippiscus, 
In  a  few  of  tbis  autbor's  figures,  tbere  are  represented  cbromosomes  in 
tbe  metapbase  of  tbe  first  spermatocyte  division  wbicb  bear  a  gênerai 
resemblance  to  tbose  I  bave  found  in  Hippiscus.  Note,  in  connec- 
tion witb  tbis  point,  Figs.  20,  22,  and  25  (20).  In  Fig.  9,  also,  will  be 
found  a  ring  corresponding  in  structure  to  tbose  represented  in  Figs. 
15  and  15a  of  tbis  paper. 

In  a  préviens  article^  I  bave  already  called  attention  to  a  corre- 
spondence  between  Wilcox's  "nucleolus"  and  tbe  body  wbicb  I  bave 
described  under  tbe  name  ^'accessory  cbromosome."  Furtber  studies 
bave  confirmed  me  in  my  opinion  tbat  tbese  bodies  are  identical 
structures.  In  fact,  as  observations  multiply,  tbe  process  of  sperma- 
togenesis  in  tbe  insects  seems  to  approacb  a  type,  tbe  déviations  from 
wbicb  are  only  in  minor  détails,  corresponding  to  variations  in  size 
and  babit  of  tbe  éléments  concemed. 

In  justice  to  Wilcox,  bowever,  I  would  f ay  tbat  tbe  femur-rubrum 
material  is  far  inferior  to  tbat  fumisbed  by  ffippiscus,  so  tbat  struc- 
tures quite  plainly  apparent  in  tbe  latter  would  be  difficult  to  discern 
in  tbe  former.  I  believe  tbat  due  importance  sbould  be  attacbed  to 
tbe  cbaracter  of  tbe  material  employed  by  an  investigator,  so  tbat 
statements  based  upon  a  study  of  favorable  subjects,  otber  tbings 
being  equal,  sbould  receive'credence  over  tbose  resulting  from  a  study 
upon  less  favorable  observation  material. 

Tbe  latest  paper  by  Paulmier  (26)  unfortunately  reacbed  me  after 
tbe  manuscript  of  tbis  article  was  in  tbe  bands  of  tbe  printers.  On 
tbis  account,  I  sball  be  unable  to  accord  it  tbe  attention  it  deserves, 
and  sball  be  obliged  to  confine  myself  to  a  few  brief  foot-notee.  I 
bope,  bowever,  to  consider  it  more  at  lengtb  in  a  subséquent  paper. 

In  a  récent  paper  (11)  Paulmier  discusses  tbe  formation  and  divi- 
sion of  tbe  tetrads  in  tbe  spermatogenesis  of  tbe  Hemiptera.  It  is 
gratifying  to  note  tbat  tbe  processes  in  tbis  order  and  in  tbe  Ortbop- 
tera  appear  to  be  essentially  tbe  same.  So  far  as  I  know,  Paulmier 
is  tbe  first  to  accurately  describe  tbe  early  cbanges  taking  place  in 
tbe  nuolear  tbread  tbat  resuit  in  tbe  formation  of  tbe  tetrad.    Tbese 
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are  practically  alike  in  Anasa,  Euchistus,  and  Hippiêcuê,  Bat  if 
this  parallelism  extends  throughout  the  process,  as  I  am  confident 
that  it  does,  then  Paulmier  has  fallen  into  error  in  his  interprétation 
of  the  final  stages  and,  with  this,  in  the  séquence  of  the  longitudinal 
and  cross  cleavages. 

I  believe  it  will  be  f ound  that  he  has  overlooked  the  movements  of 
the  chromatids  in  the  metaphase  of  the  first  spermatocyte  division. 
I  would  call  attention  to  the  striking  resemblance  between  his  Fig.  12 
and  Fig.  22e  of  this  paper.  This  would  seem  to  indicate  the  identical 
character  of  thèse  two  chromosomes,  and  I  think  further  study  will 
confirm  this  belief .  I  would,  therefore,  suggest  that  Paulmier  is  mis- 
taken  in  considering  that  the  first  division  is  a  cross  and  the  second 
a  longitudinal.  The  reverse  of  this,  I  think,  I  hâve  shown  to  be  the 
case. 

Mention  has  already  been  made  of  the  nomenclature  employed  by 
Montgomery  (8)  in  considering  the  phases  of  cell  division.  I  wish 
hère  to  protest  against  his  use  of  well-est^blished  tenus  in  other 
sensés  than  those  iutended  by  their  originators.  It  is  with  difficulty, 
from  Montgomery's  description,  that  one  can  trace  out  the  cycles  of 
changes  undergone  by  cells  during  division. 

In  discussing  the  first  spermatocyte,  he  commences  with  the  "ana- 
phase."  The  term  "  anaphase  "  was  first  used  by  Straeburger  in  1884  to 
designate  that  phase  of  indirect  cell  division  during  which  the  chro- 
mosomes are  transported  from  the  equatorial  plate  to  the  pôles  of  the 
cell  and  there  transformed  into  the  diffuse  chromatin  of  the  restiug 
nucleus.  By  the  introduction  of  the  term  "telophase"  (which  isalso 
employed  by  Montgomery),  the  anaphase  is  made  to  include  only  the 
changes  involved  in  the  transportation  of  the  chromatin  éléments 
from  the  equator  to  the  pôles  of  the  cell.  If,  therefore,  it  is  used  by 
Montgomery  in  its  proper  sensé,  it  would  be  the  anaphase  of  the 
spermatogonia,  and  not  of  the  spermatocyte,  that  is  described.  If  not 
thus  used,  then  it  is  misapplied  with  a  new  meaning.  Such  appears 
to  be  the  case. 

Three  sub-phases  are  mentioned  by  Montgomery  as  occurring 
under  the  anaphases.  Thèse  are  the  "early  anaphase,"  the  "synap- 
sis,"  and  the  "post-synapsis."  Since  the  "early  anaphase"  witn esses 
the  formation  of  a  nuclear  membrane  around  the  groups  of  chromo- 
somes arising  from  the  last  spermatogonial  division,  it  must  corre- 
spond to  the  true  telophase,  for,  according  to  Heidenhain,  this  is  the 
period  during  which  the  daughter  nuclei  are  supplied  with  membranes 
and  during  which  the  nuclei  are  reconstructed.  Montgomery's  early 
anaphase  is,  therefore,  the  telophase  of  the  spermatogonia. 

It  is  a  difiBcult  matter  to  locate  the  "synapsis."    Moore,  who  coined 
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the  term  "synaptio  phase,"  intended  ît  to  desîgnate  that  period  of  the 
pTophase  doring  which  a  fusion  of  the  chromosomes  existing  in  the 
spireme  takes  place  in  such  a  way  that  half  the  normal  number  arises 
from  its  subséquent  division.  Since  it  is  at  this  time  tbat  the  con- 
centration of  the  chromatin  at  one  side  of  the  nucleus  takes  place, 
under  some  conditions,  the  term  ''synapsis"  has  come  to  apply  to  this 
massing  of  the  chromatin.  Montgomery  attaches  the  term  to  a  con- 
dition of  the  telophase  in  which  the  still  persisting  chromosomes  are 
collected  at  one  side  of  the  nuclear  cavity.  It  is  generally  understood 
that  synapsis  does  not  occur  except  during  the  spireme  condition  of 
the  nucleus.  This  is  expressed  by  Hacker  (4)  in  the  foUowing 
language:  ''Mit  dem  von  Moore  stammenden  Ausdruck  'synapsis' 
bezeichnet  man  neuerdings  vielfach  ein  Stadium  der  Mutterzellkerne, 
in  welchem  der  in  der  Regel  shon  lângsgespaltene,  aber  wahrscheinlich 
noch  unsegmentierte,  Chromatinfaden  auf  einer  Seite  des  Kemraums, 
gewôhnlich  im  Umkreis  des  Nucleolus,  éinseitig  kontrahiert  er- 
scheint." 

While  dwelling  upon  the  subject  of  "synapsis,"  I  should  like  to 
Btate  that  I  consider  the  appearance  itself  to  be  an  artefact.  Doubt- 
iess  Moore  and  Hacker  are  correct  in  their  belief  that  the  nucleus  is 
in  a  peculiar  condition  at  the  time  when  the  contraction  phenomenon 
occurs,  but  that  the  chromatin  exists  in  the  living  cell  in  the  form  of 
a  concentrated  mass,  I  very  much  doubt.  My  study  upon  inseot 
spermatocytes  leads  me  to  this  belief,  for  the  foUowing  reasons  :  In 
properly  treated  material  no  synapsis  occurs.  When  observed,  its 
artificial  character  is  évident  because  the  mass  of  chromatin  is  always 
to  be  found  in  the  région  of  the  nucleus  opposite  to  the  point  at  which 
the  fixing  or  dehydrating  fluids  had  free  entrance.  Thus,  in  a  freely 
exposed  foUicle,  the  chromatin  masses  always  lie  toward  the  central 
axis  of  the  foUicle. 

Montgomery  foUows  his  synapsis  phase  by  the  post-synapsis,  in 
which  the  mass  of  chromosomes  becomes  disentangled,  and  the  liber- 
ated  éléments  lie  free  on  the  periphery  of  the  nuclear  vesicle.  Its 
termination  yet  witnesses  no  dissolution  of  the  spermatogonial  chro- 
mosomes and  formation  of  a  spireme  thread  from  their  substance.  I 
am  not  prepared  to  criticize  thèse  views  conceming  the  Hemipteran 
cells  at  this  time,  but  in  the  Orthoptera  I  am  sure  no  such  occur- 
rences are  to  be  found.  In  thèse,  the  spermatogonial  chromosomes, 
with  the  exception  of  one,  rapidly  disintegrate,  and  from  their  scat- 
tered  granules  a  very  fine  spireme  thread  is  formed.  In  Hippiscua, 
since  the  spermatocytes  paes  through  the  winter  in  this  spireme  stage, 
any  synapsis,  if  it  occurred,  would  easily  be  found  in  the  long  foUicles 
fiUed  with  the  prophase  spiremes  in  varions  stages  of  advancement. 
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The  telophase,  according  to  Montgomery,  is  the  "stage  between  the 
post-synapsis  of  the  anaphase  and  the  reet  stage."  The  term  "telo- 
phase" was  coined  by  Heidenhain  in  1894  to  designate  that  period  of 
cell  division  during  which  the  ohromatin  framework  of  the  daughter 
nuclei  is  produced  from  the  chromosomes  of  the  preceding  génération 
and  during  which  the  cells  are  separated  from  each  other  by  a  cell 
wall.  Such  is  not  Montgomery's  conception,  for  his  subseqaent 
"rest"  stage  is  one  in  which  a  diflFused  chromatic  thread  exista,  and 
from  which  the  chromosomes  of  the  first  division  are  formed  by  seg- 
mentation. The  "telophase"  and  "rest,"  so  far  as  I  oan  discover  from 
the  text  and  drawings,  are  merely  early  prophases  of  the  spermatocyte. 
In  Orthopteran  material,  there  is  no  true  rest  stage  of  the  nucleas 
between  the  spermatogonia  and  the  sperraatocytes.  The  chromatîn 
passes  rapidly  into  a  fine  spireme  condition  from  the  spermatogonial 
chromosomes  by  dispersion  and  rearrangement  of  their  substance. 

The  prophase  of  Montgomery  appears  to  be  in  reality  a  late  pro- 
phase. The  chromatin,  it  is  stated,  exists  in  the  form  of  a  number  of 
threads,  each  of  which  is  termed  a  chromosome.  Thèse  are  less  in 
number  than  the  bodies  -which  subsequently  divide  in  the  metaphase. 
They  should  not,  therefore,  be  termed  chromosomes,  for  the  same 
reason  that  we  do  not  call  the  single  chromatic  thread  of  the  early 
prophase  a  chromosome.  In  the  prophase,  it  seems  to  me,  there  can 
be  neither  more  nor  less  chromosomes  than  are  formed  in  the  meta- 
phase before  division. 

In  his  earlier  paper  Montgomery  was  positive  in  his  statement  that 
there  is  no  longitudinal  division  of  the  spireme.  In  a  correction  (9) 
appearing  later,  however,  he  frankly  acknowledges  his  mistake  in 
this,  and  states  that  his  first  conception  of  two  transverse  divisions  is 
verified  by  occasional  instances.  I  am  very  much  inclined  to  doubt 
any  departure  from  the  typical  chromosome  division  in  any  of  the 
cells  that  form  f unctional  sexual  éléments.  I  believe  that  in  favorable 
material  the  type  division  will  be  found  exemplified  in  every  nor- 
mal mitosis.  The  mère  occurrence  of  the  chromosomes,  with  their 
longer  axis  parallel  to  the  spindle  and  a  constriction  in  the  equato- 
rial  plate,  would  be  no  reason  whatever  for  assuming  that  the  division 
foUowing  is  to  be  a  transverse  one.  This  is  apparent  from  a  study 
of  the  chromosomes  in  the  metaphase  of  the  first  spermatocytes,  such 
as  those  of  Hippiscus,  In  commenting  upon  Paulmier*s  belief  that 
the  first  division  is  a  cross-division,  with  which  Montgomery  agrées, 
I  hâve  stated  my  reasons  for  believing  that  such  a  conclusion  is 
wrong  ;  I  shall  not  therefore  repeat  them  hère.  In  confirmation  of 
my  belief  that  the  chromosomes  of  the  first  spermatocyte  are  essen- 
tially  the  same  in  ail  insect  material,  I  would  ask  a  comparison  of  the 
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central  chromosomes  of  Fig.  145  by  Montgomery  and  Fig.  15a  of  this 
paper. 

It  affords  me  great  pleasare,  af ter  having  bad  to  differ  so  mucb 
f rom  Montgomery  in  otber  matters,  to  confirm  bis  belief  in  tbe  origin 
of  tbe  accessory  cbromosome.  As  abeady  described,  it  arises  in  Hip- 
piscus  and  otber  Acridid»,  as  it  does  in  Euchistus^  from  one  of  tbe 
spermatogonial  cbromosomes  wbicb  does  not  become  reticulated  and 
joined  witb  tbe  substance  of  tbe  otbers  to  form  tbe  spireme.  In  tbe 
Locustidœ,  as  previously  stated,  I  bave  not  been  able  to  satisf y  myself 
tbat  tbe  élément  bas  just  tbis  origin.  On  tbe  otber  band,  I  bave  no 
proof  tbat  it  does  not  tbus  arise.  Furtber  comparative  study,  now 
begun,  will  doubtless  make  tbis  point  clear. 

I  bave  already  stated  tbat  my  studies  upon  insect  spermatogenesis 
bave  led  me  to  believe  tbat  tbe  processes  of  spermatooyte  divisions  are 
essentially  tbe  same  tbroogbout  tbe  class  Insecta.  I  must,  tberefore, 
disagree  witb  tbe  conclusions  reacbed  by  Henking  (5)  from  a  study 
upon  Pyrrhocm'is  aptei^us.  According  to  tbis  autbor,  tbe  twenty-f our 
cbromosomes,  cbaracteristic  of  tbe  spermatogonia,  appear  in  tbe  first 
spermatocyte,  but,  instead  of  being  single,  are  united  by  pairs.  Tbe 
resuit  of  tbis  is  tbat  an  equatorial  view  of  a  spermatogonial  metapbase 
will  sbow  a  plate  of  simple,  round  cbromosomes  (  twenty-four  in  num- 
ber  from  a  polar  view  )  ;  wbile,  on  tbe  contrary,  a  cbromatic  plate  of 
tbe  first  spermatocyte  sbows  tbe  cbromosomes  to  be  dumb-bell  sbape, 
and  arranged  as  a  double  plate,  wbicb,  viewed  from  tbe  pôle,  exbibits 
twelve  cbromosomes. 

In  reacbing  tbis  conclusion,  Henking  disregards,  or  ratber  misin- 
terprets,  certain  significant  figures  of  tbe  late  propbases.  I  refer  to 
tbose  represented  in  bis  Fig.  20,  wbicb  be  mentions  as  "die  mit  vier 
Verdickungen  versebenen  Ringe."  Instead  of  considering  tbese  nor- 
mal  structures,  be  regards  tbem  as  transformation  stages,  or  accidentai 
unions,  of  simpler  éléments. 

Henking's  error  consists  in  regarding  tbe  éléments  of  tbe  first 
spermatocyte  division  as  double  instead  of  quadruple — a  mistake 
wbicb  would  easily  be  made  if  tbe  fuUy  formed  structures  were  ex- 
amined  instead  of  tbose  in  tbe  preliminary  stages.  Tbe  true  difficulty 
is  recognized  by  vom  Ratb  wben  be  says  :  "  Icb  erinnere  daran,  dass 
ancb  bei  Qryllotalpa  bei  den  beiden  letzten  Tbeilungen  stets  2 
Cbromosomen  einander  genftbert  sind  und  ein  Paar  bilden,  bei 
Pyrrivocoris  kônnte  eine  nocb  weiter  gebende  Vereinigung  eines 
Cbromosomen-Paares  bis  zu  einer  scbeinbaren  Verscbmelzung  statt- 
gefunden  baben."  As  in  Ilippiscuê,  tbe  chromatids  are  closely 
united,  so  tbat  tbe  Unes  of  séparation  are  quite  invisible.  Particularly 
would  tbis  be  true  of  cellâ  wbere  tbe  éléments  are  so  small  as  tbey 
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are  in  Pyrrhocoris,  Undoubtedly  the  éléments  of  the  first  sperme 
tocytes  of  Pyrrhocoris^  like  those  of  other  insects,  are  quadripartite 
— for  the  early  stages  of  their  formation  clearly  indicate  this.  We 
hâve  hère  another  example  of  the  fact  that  it  is  to  the  formative  stages 
of  the  chromosomes  that  we  must  look  for  indications  of  their  struc- 
ture, rather  than  to  the  mature  éléments  themselves. 

The  material  derived  from  Pyrrhocoris  is  well  adapted  for  the  solu- 
tion of  many  cytological  problems,  but  I  maintain  that  the  structure 
and  divisions  of  the  chromosomes  are  not  one  of  thèse.  Surely  ma- 
terial which  requires  such  reasoning  as  Henking  employed  in  the 
f oUowing  quotation  is  not  of  the  most  désirable  character.  He  says  : 
"Dennoch  bin  ich  der  Meinung,  dass  die  hier  vorliegende  Theilung 
theoretisch  einer  Langstheilung  gleichzusetzen  sei;  denn  wo  ge- 
streckte  Chromosomen  vorhanden  sind,  pflegen  aie  den  Polen  nicht 
ihre  Enden,  sondem  ihre  Seiten  zuzukehren  und  also  der  L&nge 
nach  getheilt  zu  werden.  Warum  soUten  wir  hier  etwas  Anderes 
annehmen?" 

In  the  germ  cells  of  animais  and  plants  there  are  wide  variations 
in  size,  form  and  manner  of  division  of  the  chromosomes,  but  I  be- 
lieve  the  underlying  structural  principle  will  be  found  the  same  in  ail, 
when  the  détails  are  thoroughly  worked  out.  Thus,  for  instance,  the 
chromosomes  of  Pyrrochoris  and  Hippiscus  diflfer  remarkably  in  al- 
most  ail  points,  if  the  éléments  in  the  metaphase  of  the  first  sperma- 
tocyte  are  considered.  If,  however,  we  look  back  to  the  prophases,  the 
quadripartite  nature  of  each  is  apparent. 

Too  much  importance  cannât  he  laid  upon  the  necessity  for  a 
th4)rough  understanding  ofthe  early  formative  periods  in  the  history 
of  the  first  spermatocyte  chromosomes,  The  remarkable  feature  about 
the  maturation  divisions  is  not,  it  seems  to  me,  the  séparation  of  the 
chromatids,  but  rather  the  means  by  which  they  are  associated  in  prép- 
aration for  thèse  divisions.  Theref ore,  objects  which  présent  thèse 
early  stages  to  the  best  advantage  are  the  ones  which  are  most  likely 
to  give  us  a  proper  understanding  of  tetrad  formation  and  division. 
InSf et  material  seems  to  be  especially  favorable  for  this  purpose,  par- 
ticularly  that  derived  from  the  Orthoptera  and  Hemiptera. 

Henking,  with  others,  assumes  that  because  there  cu-e  twenty-four 
chromosomes  in  the  spermatogonia  and  twelve  double  ones  in  the  first 
spermatocyte,  the  latter  represent  the  ones  of  the  earlier  génération 
united  end  to  end.  I  belle ve  that  there  is  lacking  a  suflBcient  proof  of 
this  assumption.  In  this  connection,  I  would  call  attention  to  the 
great  différence  that  exista  in  the  prophases  of  thèse  germ  cells  and 
those  of  the  body  cell.  In  Hippiscus^  the  chromatin  passes  the  win- 
ter  in  the  form  of  the  spireme,  as  it  does  also  in  other  animais  and 
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some  plants,  and  is  thus  long  established  in  relations  that  difiFer  from 
the  ordinary  resting  nucleus.  Because  this  spireme  in  the  spring 
divides  into  half  the  number  of  segments  that  the  spermatogonial 
spireme  did,  are  we  jastified  in  assuming  that  each  of  thèse  segments 
represents  two  longitudinally  arranged  chromosomes  of  the  early  cell 
génération?  It  would  appear  that,  with  our  présent  knowledge  of  the 
sabject,  we  are  not;  and  certainly  it  would  be  less  prejudicial  to  an 
impartial  study  if  this  fact  were  made  clear  in  discassions  upon  the 
question. 

Under  the  term  "nucleolus,"  Henking  discusses  a  structure  which 
appears  to  be  identical  with  that  which  I  hâve  termed  the  accessory 
chromosome.  I  am  led  to  this  belief  by  the  statements  he  makes 
conceming  the  constanoy  of  staining  power,  position  in  the  nucleus, 
and  regularity  of  outline.  In  ail  thèse  features  there  is  a  striking  re- 
semblance  between  the  éléments.  Regarding  thèse  points  he  says  : 
"Erscheint  der  Nucleolus  der  jUngsten  Hodenzellen  bei  der  genann- 
ten  Méthode  farblos,  so  nimmt  er  nun  begierig  Farbe  auf,  ein  Ver- 
halten,  welches  ganz  regelmassig  ist.  .  .  .  AUein  der  Nucleolus 
hat  bei  den  Verânderungen  von  Kern  und  Zelle  sein  Aussehen  nicht 
gewechselt.  .  .  .  Der  Nucleolus  behalt  seine  Kugelgestalt  un- 
verandert  bei,  wfthrend  die  Chromosomen  gewissermassen  Pseudo- 
podien  aussenden  und  sicb  so  zu  einem  Netz  vereinigen.  Der 
Nucleolus  bietet  seinerseits  den  Pseudopodien  keine  Ansatzflachen 
und  bleibt  daher  isoliert." 

Later,  in  discussing  the  chromosomes,  he  mentions  peculiarities, 
one  of  which  puts  it  in  agreement  with  the  later  changes  undergone 
by  the  accessory  chromosome  in  Orthopteran  cells.  Thèse  points  are, 
again,  the  size,  staining  intensity,  cmd  smooth  contour.  It  is  asserted 
with  great  positiveness  that,  in  the  last  division  of  the  spermatocytes, 
this  élément  goes  over  undivided  into  one  of  the  daughter  cells. 
Certain  appearances  in  the  testicular  cells  of  Xiphidium  at  one  time 
led  me  to  believe  that  the  accessory  chromosome  was  thus  apportioned 
by  the  last  spermatocyte  division.  I  am  not  now  prepared  to  make  a 
positive  assertion  upon  this  point,  but  I  hope  by  the  aid  of  more 
favorable  material  to  reach  a  conclusion  conceming  the  matter.  Be 
this  as  it  may,  there  is  an  évident  reserablance  between  Henking's 
undivided  chromosome  in  Pyrrhocoris  and  the  accessory  chromosome 
of  Xiphidum,  In  view  of  ail  thèse  resemblances,  I  do  not  doubt  that 
the  accessory  chromosome  has  been  observed  by  Henking. 

The  observations  of  vom  Rath  (14)  upon  the  spermatocyte  divisions 
of  Oryllotalpa  vulgaris  give  us  an  excellent  idea  of  the  actual  division 
of  the  chromosomes.  The  exact  origin  of  thèse  tetrad  éléments,  how- 
ever,  is  not  clearly  demonstrated.    As  a  resuit  of  this,  each  of  the 
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ohromatids  is  denominated  a  ohromosome.  The  objection  io  this 
désignation  bas  abeady  been  stated  in  the  criticiam  npon  tbe  work  of 
Wiloox. 

Vom  Rath's  criterion  of  valence  is  based,  not  upon  the  origin  of  the 
éléments,  bnt  rather  npon  their  relation  to  each  other.  In  deciding 
as  to  whether  or  not  the  tetrad  itself  shall  be  called  a  chromosome,  he 
makes  use  of  the  foUowing  reasoning  :  "Mit  grôsster  Auf  merksamkeit 
habe  ich  die  Verbindungsfftden  zwischen  je  4  Chromosomen  studiert, 
aber  niemals  eine  Spur  vom  chromatischer  Substanz  wahrgenommen, 
so  dass  die  4  Chromosomen  jeder  Gruppe  als  Einzelohromosomen  und 
nicht  die  Gruppen  selbst  als  Einheiten  aufgefasst  werden  mfissen." 
Just  why  the  présence  or  absence  of  chromatic  connection  should  dé- 
termine the  nature  of  a  chromosome  I  cannot  see.  Snppose,  for  in- 
stance, that  the  chromatids  of  a  tetrad  in  Oryllotalpa  were  so  closely 
approximated  that  they  came  in  contact  with  each  other  :  wonld  this 
in  any  way  alter  the  character  of  the  éléments  with  respect  to  their 
origin  and  ultimate  fate  ? 

Again,  in  Hippiscus  the  chromatids  constituting  the  tetrads  are  so 
closely  united  that  their  Unes  of  contact  are  almost  invisible.  Snp- 
pose, now,  that  thèse  were  so  disposed  that  they  were  brought  in  con- 
tact only  by  the  interposition  of  linin  threads  :  would  this  in  any 
way  change  the  essential  character  of  thèse  éléments?  There  seems 
to  be  no  reason  for  believing  that  it  would.  The  varions  families  of 
insects  hâve  their  characteristic  habits  in  the  formation  of  the  tetrads, 
but  they  are,  in  ail,  essentially  the  same  structure,  and  should  not  be 
differently  designated  on  account  of  thèse  peculiarities. 

Conceming  the  facts  recorded  by  vom  Rath  in  his  paper  I  find 
few  with  which  to  disagree.  The  main  contention  I  hâve  to  make  is 
with  regard  to  the  statement  conceming  which  of  the  divisions  cor- 
responds to  the  original  longitudinal  splitting  of  the  thread.  It  is 
his  évident  opinion  that  the  second  division  complètes  the  séparation 
already  inaugurated  in  the  prophase.  He  says  in  this  connection  : 
'*.  .  .  Es  kann  folglich  die  eine  der  beiden  Trennungen  der 
Chromosomen  auf  dièse  vorzeitige  Spaltung  des  Chromatinfadens 
zurUckgef  uhrt  werden,  ob  dies  nun  aber  die  erste  oder  die  zweite 
Theilung  ist,  kann  nach  den  Prâparaten  nicht  mit  Sicherheit 
entschieden  werden,  ich  mftchte  eher  an  die  zweite  Theilung  denk- 
en."  As  in  the  case  of  Pyrrlwcoria,  the  évidence  presented  by 
the  éléments  during  their  prophase  condition  is  not  conclusive,  or, 
if  so,  has  not  been  given  its  true  importance.  In  ail  respects,  the 
spermatogenesis  of  Oryllotalpa  appears  to  conform  to  the  typical 
insect  plan.  There  is  ho  mention  made,  however,  of  the  occurrence 
of  any  such  élément  as  the  accessory  chromosome.    I  hâve  not  had 
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the  opportunity  to  study  this  objeot,  but  other  members  of  the  Gryl- 
lidsB  wbich  I  hâve  examined  présent  this  élément  very  much  as  it  ap- 
pears  in  the  Locustidse,  and  so  I  hâve  no  doubt  that  it  also  occurs  in 
Gryllotalpa. 

The  work  of  Toyama  (16)  upon  the  spermatogenesis  of  the  silk- 
worm  is  not  of  a  oharacter  to  throw  much  light  upon  the  methods  of 
chromosome  division.  His  figures  would  indicate  that  the  chromatic 
éléments  are  exceedingly  small — so  minute,  indeed,  as  to  be  practically 
worthless  as  a  means  of  determining  chromosome  structure. 

It  is  stated,  however,  that  the  germ  mother  cell  contains  twenty- 
eight  chromosomes,  and  that  in  the  first  mitosis  thèse  divide  trans- 
versely  and  transmit  to  each  of  the  daughter  cells  the  same  number 
of  chromatic  éléments.  There  is,  as  y  et,  no  réduction  in  number  of 
the  chromosomes,  but  in  the  mitosis  of  the  second  spermatocyte  this 
is  brought  about  by  one-half  of  the  chromosomes  going  into  each  of 
the  resulting  cells.  The  mitosis  of  the  second  spermatocyte  is,  there- 
f ore,  not  a  division  of  chromatic  éléments,  but  a  mère  sifting  apart. 

I  should  consider  such  a  process  as  this  extremely  improbable  and, 
in  view  of  the  results  obtained  upon  insect  material  better  adapted 
for  the  observation  of  such  points,  unworthy  of  credence  unless  well 
Bupported  by  more  undoubted  cases.  The  regrettable  habit  of  terming 
ail  chromatic  éléments  chromosomes  is  exemplified  by  this  author  and 
leads  to  much  confusion  in  determining  the  nature  of  the  structure 
he  is  discussing. 

There  is  some  reason  to  believe  that  the  body  termed  "nucleolus" 
by  Toyama  is  the  accessory  chromosome  of  other  insect  cells,  although 
the  facts  given  are  not  sufficient  to  warrant  a  positive  statement  that 
such  is  the  case. 

V. —  SUMMARY. 

1.  As  a  resuit  of  the  last  spermatogonial  division,  the  much  re- 
duced  daughter  cells  are  each  provided  with  the  somatic  number  of 
chromosomes.  AU  but  one  of  thèse  rapidly  disintegrate  and  from 
their  substance  produce  the  spireme  of  the  first  spermatocyte.  '  One 
persists  in  its  original  form  and,  assuming  a  peripheral  position,  con- 
tinues to  stain  as  does  a  chromosome  of  the  metaphase.  During 
metakinesis  it  is  divided  like  the  other  chromosomes.  This  is  the  ac- 
cessory chromosome. 

2.  There  is  no  true  resting  stage  between  the  spermatogonia  and 
spermatocyte.  The  prophase  spireme  of  the  spermatocyte  is  formed 
immediately  from  the  chromosomes  of  the  spermatogonia  by  a  disper- 
sion and  rearrangement  of  their  substance.  The  resulting  thread  per- 
sists throughout  the  winter  and  segments  into  chromosomes  only  at 
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the  approach  of  warm  weather.     Late  stages  of  the  spireme  sbow  un- 
mistakable  évidences  of  a  longitudinal  cleft. 

3.  The  segments  of  the  chromatic  thread  oflFer  clear  and  oonvinc- 
ing  évidence  that  the  resulting  chromosomes  are  quadrivalent  struc- 
tures. They  may  exist  in  the  form  of  rods,  double- V  figures,  or  rings, 
but  ail  are  modifications  of  one  type.  In  this  the  segment  is  split 
longitudinally,  and  agcdn  in  the  center  at  right  angles  to  the  first  cleft. 
The  members  of  this  compound  unit  are  able  to  move  upon  each  other 
so  as  to  produce  cross-figures  with  aTms  of  varions  proportionate 
lengths. 

4.  A  concentration  of  the  loose  éléments  of  the  prophase  produces 
the  mature  chromosomes  of  the  first  spermatocyte  metaphase.  This, 
from  the  method  of  its  production,  is  known  to  be  quadrivalent,  al- 
though  planes  of  division  are  usually  indistinguishable.  In  the  equa- 
torial  plate,  the  chromosomes  arrange  themselves  with  their  longer 
axis  at  right  angles  to  the  spindie.  Fibers  attach  to  the  chromosomes 
at  their  middle  point,  which  corresponds  to  the  place  where  the  cross- 
division  was  previously  noted. 

5.  By  contraction  of  the  fibere,  the  éléments  of  the  tetrad  are  re- 
moved  from  each  other  in  pairs.  Séparation  takes  place  along  the 
plane  corresponding  to  the  original  longitudinal  cleft,  but  without 
divergence  of  the  chromatids.  In  this  way  the  chromosome  in  the 
final  stage  of  séparation  resembles  the  one  just  beginning  to  divide, 
except  that  its  longer  axis  is  parallel  to  the  spindie  axis.  Movements 
of  ail  the  chromosomes  in  a  nucleus  are  not  coïncident,  so  that  the 
various  stages  may  be  noted  in  the  same  cell. 

6.  The  balance  of  forces  inhérent  in  the  tetrad  chromosomes  ap- 
pears  to  be  destroyed  when  the  diads  separate,  for  the  chromatids 
composing  thèse  bipartite  éléments  immediately  diverge  when  they 
lose  connection  with  their  sister  pairs.  They  thus  travel  to  the  pôles 
in  the  form  of  a  V-shaped  structure  more  or  less  closely  united  at  the 
apex.  During  the  telophase  they  become  closely  aggregated  but  never 
lose  tîieîr  identity.     There  is,  accordingly,  no  intermediate  rest  stage. 

7.  The  second  spermatocyte  division  figure  is  established  almost 
as  soon  as  the  daughter  cells  are  separated  by  the  growth  of  an  inter- 
posing  wall.  In  it,  the  spindie  is  small,  and  the  chromosomes  are 
arranged  on  its  periphery  in  such  a  way  that  the  chromatids  of  each 
pair  are  superimposed  in  the  plane  of  the  spindie  axis.  Fibers  attach 
at  the  same  place  they  did  in  the  first  spermatocyte  and  easily  sepa- 
rate the  loosely  joined  chromatids.  Thèse  move  apart  to  the  pôles 
and  coincidentally  the  cell  and  spindie  increase  in  length.  Since  the 
fibers  of  the  first  spermatocyte  figure  were  attached  to  the  chromatids 
at  a  point  marking  the  plane  of  cross  cleavage,  the  second  spermato- 
cyte mitosis  which  séparâtes  them  at  this  point  is  a  cross-division. 


M'CLUNG:    SPERMATOCYTE   divisions  OF   THE   ACRIDID.E.  99 

With  the  ingrowth  of  a  cell  wall,  the  second  spermatocytes  separate 
and  produce  the  spermatids,  and  thèse  transform  directly  into  sper- 
matozoa. 

8.  The  séquence  of  the  longitudinal  and  cross-divisions  appears  to 
be  constant.  There  is  reason  to  believe  that  it  is  of  fundamental  im- 
portance, and,  therefore,  accounts  of  the  indiscriminate  occurrence  of 
both  forms  in  the  same  cell  génération  should  be  accepted  with  cau- 
tion. If  the  polar  body  of  the  parthenogenetic  egg  acquires  new 
properties  by  its  brief  séparation  from  the  egg  which  it  subsequently 
f ertilizes,  there  is  every  reason  to  suppose  that  the  order  of  chromatid 
séparation  in  the  forming  spermatozoa  is  vital  and  essential. 

9.  The  accessory  chromosome  is  a  constant  and  important  élément 
of  the  germ  cell.  It  arises,  in  the  Acrididœ,  from  a  spermatogonial 
chromosome,  and  from  that  time  forward  maintains  a  separate  and  dis- 
tinct existence.  Daring  the  prophases,  when  occur  the  profound 
changes  that  resuit  in  the  production  of  a  nucleus  with  only  half  the 
number  of  ordinary  chromosomes,  this  structure  stands  aloof  and  self- 
contaiued.  With  the  establishment  of  the  mitotic  figure  of  the  first 
spermatocy te,  however,  it  takes  its  place  with  the  other  chromatic  élé- 
ments and  becomes  indistinguishable  from  them  henceforth  until  the 
spermatîds  are  formed.  Hère  it  again  becomes  distinct  and  conspic- 
uous. 

10.  Ail  the  phenomena  incident  to  the  formation  of  the  maie  ger- 
minal éléments  in  the  Acridid»  speak  for  the  existence  and  prevalence 
of  a  typical  séries  of  processes  through  which  ail  éléments  pass  on 
their  way  to  the  production  of  the  functional  spermatozoon. 
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PLATE    XV. 

Ail  drawlDgs  were  made  niider  the  caméra  Incida,  with  an  optical  combinatton  conaisting  of 
a  Zeisfl  2  mm.  apochromatie  objective  and  compensatiDg  ocalar  No.  8.  This  prodnced.  at  the 
drawing  surface,  a  magniflcation  of  1000  diameters.  In  the  photomechanieal  reproduction  of 
the  drawiogs  this  bas  been  redaced  to  750  diameters. 

Fig.  1.— Â  eemi-diagrammatic  Ytew  of  a  late  spermatogonial  anaphase,  showing  the  namber, 
position  and  arrangement  of  the  chromoeomes. 

Fig.  2.— Same  as  fig.  1. 

Fig.  3.—  Telopbase  of  the  last  spermatogonial  division,  showing  the  small  size  of  the  cell, 
and  an  early  stage  in  the  loosening  of  the  chromatic  structures. 

Fig.  4.— Very  early  prophase  of  the  spermatocyte,  in  which  is  shown  the  production  of  grann. 
lar  chromatin  f  rom  the  chromosomes  of  the  spermatogonia.  Portions  of  the  disintegrating  chro. 
mosomes  shown  at  a.  At  b  appears  one  which  does  not  lose  its  identity  ;  this  ia  the  acoessory 
chromosome. 

Fig.  5.— A  somewhat  later  prophase,  in  which  the  chromatic  thread  is  established.  The  ae- 
cessory  chromosome  bas  become  deflnitely  specialized  and  bas  taken  its  characteristic  peripheral 
position. 

Fig.  6.— A  stiU  later  prophase,  in  which  the  chromatin  thread  is  shown  very  much  coiltorted. 
At  this  stage  it  evidently  consista  of  many  pièces.  The  accessory  chromosome  is  viewed  from 
the  side. 

Fig.  7.— A  stage  of  the  prophases  in  which  the  chromatin  bas  become  aggregated  into  a  sin- 
gle thread.    The  accessory  chromosome  is  hère  ezhibited  in  cross-section. 

Fig.  8.— At  this  stage  the  single  thread  bas  become  divided  transversely  into  a  number  of 
segments.  Each  of  thèse,  later,  forms  one  of  the  éléments  which  is  found  in  the  metaphase  of 
the  primary  spermatocyte. 

Fig.  9.— About  the  same  stage  as  fig.  8,  but  showing  the  accessory  chromosome. 

Fig.  10.— This  représente  a  prophase  stage  closely  foUowing  that  shown  in  flgs.  8  and  9. 
Hère,  however,  the  chromatic  segments  bave  separated,  taken  a  peripheral  position,  and  become 
finely  granular.    Tbey  bave,  as  yet,  assumed  no  particular  form. 

Fig.  11.— In  this  the  chromatic  segments  are  represented  in  their  characteristic  loop  form. 
The  séries  of  figures  from  1  to  11  was  drawn  from  cells  in  a  single  follicle,  and,  therefore,  repre- 
sonts  progressive  development.  The  graduai  and  réguler  increase  in  size  of  the  nucleus  and 
cell,  from  the  stage  represented  in  fig.  3  to  that  in  fig.  9,  is  very  noticeable. 

Fig.  12.—  Hère  is  represented  the  early  longitudinal  division  of  the  chromatic  segmenta.  In 
many  cells  it  appears  in  a  much  more  pronounced  manner  than  is  indicated. 

Fig.  13.— A  cell  at  about  the  same  stage  as  that  regresented  in  fig.  11.  This  indioates  the 
great  variation  which  the  segments  of  the  chromatic  thread  may  undergo. 

Fig.  14.— Fragment  of  a  cell,  showing  a  portion  of  the  nuclear  éléments.  Thèse  are  ail  seen 
to  be  longitudinally  divided.  One  of  them  is  also  bent  at  the  center  where  the  cross-division  of 
the  second  spermatocyte  is  to  occur.  The  quadrivalent  character  of  the  élément  is  thus  dearly 
indicated.  By  the  subséquent  concentration  of  the  chromatic  material  thèse  Unes  of  division 
become  indistinguishable. 

Fig.  15.— The  stage  hère  represented  foUows  closely  upon  that  of  the  precedtng  figure.  Two 
of  the  éléments  yet  show  their  quadripartite  nature.  The  one  in  the  center  of  the  nucleus  bas 
bent  upon  itself  until  the  f ree  ends  bave  united  to  form  a  ring. 

Fig.  15a.— A  somewhat  later  stage  than  fig.  15.  showing  a  greater  concentration  of  the  chro- 
matic éléments.  The  longitudinal  and  cross-divisions  are,  however,  still  plainly  visible.  At 
one  side  of  the  nucleus  the  astral  rays  are  beginning  to  develop. 

Fig.  16.— A  cell  of  the  same  âge  as  that  shown  in  fig.  15,  but  with  the  nuclear  éléments  of  a 
more  granular  character  and  with  no  indication  of  division. 

Fig.  17.— This  cell  represents  a  stage  a  trifle  in  advance  of  that  shown  in  figs.  15  and  16.  The 
nuclear  élément  just  below  the  accessory  chromosome  clearly  présents  the  évidences  of  both 
longitudinal  and  cross-di?ision.  It  will  be  noticed  that  the  cbromatids  are  in  contact  along 
the  plane  of  cross-division  for  almost  as  great  a  portion  of  their  length  as  tbey  are  along  the 
plane  of  the  longitudinal  division.  This  is  a  significant  indication  of  future  movements  of  the 
éléments. 
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Fig.  18. —A  metaphase  of  the  first  spermatooyte  mitosis.  This  figure  shows 
the  various  forms  assumed  by  the  chromosomes  during  their  division. 

Fig.  19.— Same  as  fig.  18. 

Fig.  20.— One  side  of  the  cell,  exhibiting  a  portion  of  a  spindle  and  the  chro- 
mosomes. Thèse  are  in  différent  stages  of  division,  the  central  ones  being  nearly 
sépara  ted. 

Fig.  21. — Mid-anaphase  of  the  first  spermatocyte.  Immediately  upon  the 
séparation  of  the  chromatids  along  the  plane  of  the  longitudinal  cleavage,  the 
two  remaining  chromatids  spring  apart  at  the  ends  unconnected  with  the  fibers, 
as  is  hère  represented. 

Fig.  22.— A  séries  of  figures,  drawn  with  the  caméra  lucida,  showing  the 
changes  experienced  by  the  chromosomes  during  the  first  spermatocyte  division. 
The  progressive  movement  of  the  chromatids  along  the  invisible  plane  of  cleav- 
age is  hère  conclusively  shown  ;  a,  b,  c,  d  and  e  were  drawn  from  one  cell,  and  in- 
dicate  clearly  the  position  of  the  chromosome  with  référence  to  the  spindle  ;  h 
shows  the  form  of  chromosome,  of  the  stage  represented  by  a,  when  viewed  from 
the  pôle,  and  t  is  a  ring  formed  by  the  union  of  the  free  ends  of  the  chromatids 
seen  in  h. 

Fig.  23.— Telophase  of  the  first  spermatocyte  division,  exhibiting  the  close 
massing  of  the  chromosomes.  The  persistent  character  of  the  spindle  fibers  is 
hère  indicated. 

Fig.  24.— Metaphase  of  the  second  spermatocyte.  The  bipartite  structure  of 
the  chromosomes,  first  noticed  in  the  anaphase  of  the  first  spermatocyte  (21),  is 
hère  clearly  indicated.  It  will  be  noticed  that  in  this  stage  the  spindle  is  much 
shorter  than  that  of  the  first  spermatocyte  metaphase. 

Fig.  25. — Another  cell  of  the  same  character  as  shown  in  fig.  24.  Note  the 
persisting  spindle  fibers  of  the  first  spermatocyte  division  at  one  side  of  the  mi- 
totic  figure. 

Fig.  26. — Anaphase  of  the  second  spermatocyte  division.  The  individual 
chromatids  are  hère  seen,  differing  much  in  their  form  from  that  of  the  paired 
éléments  found  in  the  anaphase  of  the  first  spermatocyte  division.  In  this  par- 
ticular  cell  each  stands  nearly  opposite  the  sister  élément  to  which  it  was  united. 
Note  the  elongated  form  of  the  spindle. 

Fig.  27.— A  somewhat  later  anaphase,  in  which  is  to  be  observed  the  concen- 
tration of  the  archoplasmic  substance  at  the  periphery  of  the  spindle,  and  also 
the  variation  in  the  form  of  the  chromatids. 

Fig.  28. — Polar  view  of  a  second  spermatocyte  anaphase,  showing  the  chro- 
matids moving  to  the  pôles. 
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PLATE  XVII. 

Thèse  plates  were  made  with  a  Zeiss  2  mm.  apochromatic  objective,  arc  light 
illumination,  at  an  original  magnification  of  1000  diameters.  In  reproduction, 
this  has  been  reduced  to  750  diameters,  and  so  corresponds  to  that  of  the  draw* 
ings. 

Fig.  A. — This  représente  the  metaphase  and  anaphase  of  spermatogonial  di- 
visions. So  rapid  are  thèse  cycles  in  their  succession  that  the  continuity  of  the 
archoplasmic  substance  between  the  centers  of  the  previous  génération  is  not 
lost.    This  simulâtes  the  ''antipodal  cône"  of  Boveri  very  closely. 

Fig.  B.— The  cells  on  the  left  of  the  spermatocyst  wall  are  in  the  telophase 
of  the  last  spermatogonial  division.  Cf.  fîg.  3.  To  the  right  of  the  wall  are  very 
early  prophases  of  the  spermatocytes.    Somewhat  earlier  than  fig.  4. 

Fig.  C— Later  first  spermatocyte  prophase,  showing  the  character  of  the 
chromatin  segments  and  the  linin  Connecting  threads.  Near  the  upper  edge  of 
the  figure  is  seen  the  accessory  chromosome,  marked  by  the  smoothness  of  its 
outline  and  the  homogeneous,  transparent  structure. 

Fig.  D.— In  this  figure  is  shown  a  chromatin  segment  with  the  central  cleft 
indicated  in  figs.  14, 15, 15a,  and  17. 

Fig.  E. — A  segment  as  in  D,  accompanied  by  a  ring  showing  the  same 
structure.  Note  the  archoplasmic  radiations  proceeding  from  a  center  located 
on  the  nuclear  membrane,  as  shown  in  fig.  15a. 

Fig.  F. —  In  the  upper  part  of  the  figure  is  exhibited  a  first  spermatocyte  in 
the  metaphase  condition  as  viewed  from  the  side.  Chromosomes  are  seen  in 
différent  stages  of  division.  The  cell  below  présents  the  form  of  the  éléments  in 
the  same  stage  when  observed  from  the  pôle. 

Fig.  G.— Two  spermatocytes  in  the  metaphase  of  division.  Chromosomes  in 
varions  stages  of  séparation  shown.  A  central  opening  visible  in  the  élément  at 
the  left  of  the  figure.  , 

Fig.  H. —  Hère  are  shown  chromosomes  in  the  form  of  loops  and  rings,  with 
the  chromatin  drawn  out  into  a  long  thread  by*the  contracting  fibers  attached  to 
them.    Cf.  figs.  22h  and  22i. 

Fig.  I. — Another  first  spermatocyte  metaphase  in  whîch  are  chromosomes  at 
about  the  middle  stage  of  their  séparation.    Cf.  figs.  20,  22&,  and  22c. 

Fig.  J. —  Second  spermatocyte  metaphases.  The  radially  disposed  diads 
with  the  chromatids  superimposed  in  the  plane  of  the  spindle  shown.  Cf.  figs. 
24  and  25. 

Fig.  K.— An  anaphase  of  the  first  spermatocyte,  showing  the  diads  near  one 
pôle  of  the  spindle.    At  the  left  a  polar  view  of  a  trifle  later  stage. 

Fig.  L. — Telophase  of  the  first  spermatocyte,  in  which  are  seen  the  ragged  out- 
line of  the  chromosomes  and  the  persistent  spindle  fibers  between  the  daughter 
cells.    Somewhat  earlier  than  fig.  23. 

(Drawings  and  photomicrographs  by  the  author.) 
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OOOOIDi:  OF  KANSAS,  III. 

Oontribntion  frôm  the  Entomologioal  Laboratory  Ho.  72. 


BY   s.   J.   HUNTER. 

With  Plates  XVIII  to  XXIV,  inclneiTe. 

Chionaspis  ortholobis  Comstock.    Plate  XYIII,  figs.  1,  2. 

On  willow  (  Salix  sp.  )  on  bank  of  Kaw  river,  and  cottonwood  (  Popu- 
lus  sp.)  in  the  vicinity  of  Lawrence;  also  on  willow  (Salix)  on  Uni- 
versity  campus. 

Chionaspis  salicis-nigrte  Walsh.    Plate  XIX,  fig.  1. 

On  willow  {Salix  sp.)  near  Lost  Springs,  Marion  county,  and  on 
host  of  same  genus  near  Greeley,  Anderson  county. 

In  my  study  of  thèse  two  species  I  hâve  found  the  diflPerentiation 
(when  the  mature  female  only  was  represented  in  the  material  at 
hand  )  attended  by  some  uncertainty.  In  looking^  over  the  literature 
I  find  the  same  diflSculty  sometimes  expressed.  The  distinctive 
characteristics  of  each  I  hâve  endeavored  to  set  forth.  The  com- 
parisons  are  based  upon  an  abundance  of  material  determined  by  the 
writer  from  the  Kansas  localities  given,  and  upon  the  foUowing  from 
the  Division  of  Entomology  at  Washington  :  Spécimens  of  C,  ortholO' 
bis  from  San  Bernardino,  Cal.,  the  type  locality,  and  C,  salicis-nigrœ 
from  Mankato,  Kan.,  authentic  material,  which  through  the  courtesy 
of  Mn  C.  L.  Marlatt  I  hâve  had  the  privilège  of  studying  in  this  con- 
nectiOTi. 

C.  ortholobis,  C,  salicis-nigrœ, 

8CALE  OF  MALE. 

Without  carinae.  |  Tricarinate. 

Ezuvise  dark  yellow  or  brownish.  |  Exuviœ  pale  lemon  yellow  or  colorless. 

8CALE  OF  FEMALE. 


White. 

1.8-2.2  mm.  long. 

EzuviaB  yellowish  brown. 

»-K.U.Qr.    A-lx  2  [101]~K.U.Qr.-A  Ix  2-April,  '00. 


White. 

2.6-3.4  mm.  long. 

Yellow  or  oolorless. 


102 


KANSAS   UNIVERSITY  QUARTERLY. 


PTOIDIDH  OF  FEBCALE. 


Médian  lobes  almost  fused  in  basai 
half  ;  ioner  margins  frequently  diver- 
gent in  distal  half,  serrate. 

Second  lobes  half  or  less  than  half  as 
long  as  médian  lobes. 

Space  between  second  and  third  lobes 
less  than  twice  the  distance  between 
the  first  and  second  lobes. 

Third  lobe,  inner  lobule  less  than  one- 
half  inner  lobule  of  second  lobe. 

Plates  1, 1-2, 1-2,  1-2,  l-l. 
Circumgenital  glands:  Médian,  17-24; 

post.  lat.,  14-27;  ant.  lat.,  21-33. 
In  second  row  dorsal  glands,  posterior 

group  absent. 
Anteriors  2-6;  minute  circular  glands 

absent. 


Médian  lobes  short,  broad,  symmetri- 
cally  rounded  at  tips. 

Second  lobes  half  or  more  than  half  as 
long  as  médian  lobes. 

Space  between  second  and  third  lobes 
more  than  twice  distance  between 
first  and  second  lobes. 

Third  lobe  frequently  prominent;  inner 
lobule  ==:one-half  inner  lobule  of  sec- 
ond lobe.^ 

Plates  1,  1-2,  1-2, 1-2,  1-5. 

Médian,  23-30;  ant.  lat.,  17-53;  post. 
lat,  19-40. 

Posteriors  1-4. 

Anteriors  2-4  ;  minute  circular  glands 
1-10. 


Chionaspis  aalicia-nigrœ,  readily  separated  from  C,  ortholohis  by 
it8  maie  scale,  oan,  from  observations  made  upon  the  pygidia  of  fifty- 
four  females,  be  said  to  diflfer  in  this  structure  by  its  shorter  and 
broader  lobes,  by  its  possession  of  the  posterior  group  of  dorsal 
glands  in  the  second  row,  and  the  présence  of  minute  circular  glands 
most  abundant  in  the  anterior  group,  second  row,  and  visible  beneath 
(ventral  aspect)  the  circumgenital  glands.  In  an  examination  of 
twenty-seven  mounts  of  ortholohis  and  twenty-seven  mounts  of  aalicis- 
nigrœ,  I  found  this  posterior  group  in  second-row  dorsal  glands  ab- 
sent in  ail  ortholohis,  and  présent  in  ail  but  one  saliciS'^igrœ  ;  this 
individual  aalicis-nigrœ  was  well  marked  with  the  minute  circular 
dorsal  glands.  The  statement  of  Comstock^  conceming  médian  lobes 
ot  ortholohis,  "mesal  margins  are  parallel  for  more  than  half  their 
length,"  holds  good  in  many  individuals  among  salicis-nigrœ.  "The 
distal  margin  of  each  {ortholohis)  is  rounded"^  does  not  always  ob- 
tain,  since  the  inner  distal  margin  is  frequently  divergent  while  the 
outer  margin  is  rounded. 

Chionaspis  americana  Johnson.    Plate  XIX,  fig.  2. 

Scale  of  f emale,  2  to  3.5  mm.  in  length  ;  exuviœ  0.8  mm.  long,  sides 
diverging  ;  generally  straight,  sometimes  curved  to  right  or  lef t,  ourved 
scales  located  singly,  broadly  convex,  dirty  white. 

Scale  of  maie,  tricarinate,  0.7  to  1  mm.  in  length,  sides  nearly  par- 
allel, clear  white;  exuvise  pale  lemon  yellow. 

Mature  f  emale,  The  pygidium  bears  three  pairs  of  lobes.  Médian 
lobes  prominent,  fused  almost  entire  length  of  inner  margins,  slop- 
ing  rapidly  laterad,  latéral  margins  with  from  one  to  three  distinct 

1.  Cooley  says  "third  pair  often  almost  obsolète."  Sp.  Bull.  Hatch  Ezp.  Sta.  Âog.  1899, p. 
19.   WheD  this  is  the  case  lobes  1  and  2  are  proportionately  depressed. 

2.  Rept.  U.  S.  Comm*r  Agr.  1880,  p.  817. 


HUNTER:    OOCCID^  OP   KANSAS,   III.  103 

notches.  Second  lobes  prominent,  consisting  of  a  large  mesially  in- 
clined  inner  lobule,  showing  one  or  two  marginal  notches,  and  a 
sborter,  more  erect,  outer  lobule,  sometimes  with  one  notch.  Third 
lobe  generally  compressed,  though  clearly  distinguishable,  division 
into  two  lobules  apparent,  inner  lobule  generally  entire,  margin  of 
outer  lobule  notched  once  or  twice,  spines  appear  singly,  as  shown  in 
figure  2,  plate  XIX,  and  grouped,  beginning  laterad  of  the  médian 
lobes,  as  follows:  1,  1-3,  1-2,  2-4,4-8.  The  circumgenital  glands 
range  in  number  :  Médian  groups,  16-26,  anterio-laterals,  15-36,  pos- 
terio-laterals,  15-39.  Of  the  thirteen  spécimens  in  which  the  glands 
were  counted,  ten  had  decidedly  more  glands  upon  the  right  side  than 
upon  the  lef  t  side.  Location  and  number  of  the  dorsal  glands  shown 
in  the  figure. 

Maie,  The  author  of  this  species.  Prof.  W.  G.  Johnson,  records 
two  forms  of  maies — "A  perfect  maie  with  fully  developed  wings,  and 
a  pseudo-imago  with  rudimentary  wings."  ^ 

This  species  is  very  common  in  Lawrence  and  vicinity,  where  I  hâve 
taken  it  chiefly  upon  the  outer  branches  of  the  white  elm,  but  hâve 
also  found  it  existing  upon  the  trunk  of  the  tree.  I  hâve  received  it 
from  Floral,  Cowley  county,  and  Abilene,  Dickinson  county,  upon 
badly  infested  twigs  of  the  white  elm. 

In  the  abundant  material  studied,  from  five  localities  in  Douglas 
county,  and  at  Abilene  and  Floral,  little  striking  variation  is  to  be 
noted.  The  plates  are  sometimes  forked  and  sometimes  simple,  the 
limits  of  circumgenital  glands  rather  large;  lobular  crenulations 
appear  at  irregular  intervais.  The  structural  characteristics  of  the 
species  in  this  latitude,  however,  appear  to  be  fairly  constant. 

Chionaspis  platani  Cooley.    Plate  XX,  fi^.  1. 

Scale  of  maie,  0.9  to  1.3  mm.  in  length,  sides"  parallel,  diverging, 
slightly  oval,  without  carinœ,  exuviae  lemon  yellow,  occupying  about 
one-fourth  the  length  of  scale. 

Scale  of  female,  1.4  to  2  mm.  in  length,  broadens  posteriorly  some- 
times abruptly,  color  favors  the  whitish  coloring  of  the  bark  of  host, 
sometimes  obscured  by  the  characteristic  pruinose  coloring  of  the 
bark;  exuviae  dark  reddish  brown,  prominent,  about  one-fourth  of 
length  of  scale  ;  little  or  no  ventral  scale. 

Female,  Pygidium  bears  three  pairs  of  lobes  ;  médian  lobes  promi- 
nent, divergent  from  inner  base,  plainly  serrate  ;  second  lobes  consist 
of  two  lobules,  the  inner  lobe  the  more  prominent,  the  outer  lobe  ex- 
tending  but  little  if  any  beyond  the  marginal  outline,  faintly  serrate  ; 
the  third  pair  obscure,  inner  lobule  noticeable,  the  outer  represented 
are  arranged  laterad  of  médian  lobes,  beginning  at  the  médian  lobe  1, 

a.  BaU.  lU.  st.  Lab..  yoI.  IV,  p.  391. 
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gonerally  as  a  bench-like  latéral  extension  of  the  inner  lobule.  Plates 
1,  1-2, 1-2,  plates  simple,  spines  and  dorsal  glands  arranged  as  shown 
in  figure,  together  with  an  average  number  of  circumgenital  glands. 

Since  this  scale  is  described  from  Kansas,  the  spécimens  in  hand 
conform  with  Cooley's  description.  The  maie  scale  seems  to  be  uni- 
formly  larger  than  in  the  type  insect,  and  with  darker  exuviœ. 

ChionaspiH  pinifoliœ  Fitch.    Plate  XX,  figs.  1,  2. 

Common  upon  Pinus  sp.  on  the  campus  in  Lawrence  and  vicinity. 
The  infestation  nowhere  serions. 

Pulrinaria  innumerahilis  Rathv.    Plate  XXI,  figs.  1,  2. 

On  soft  maple  {Acer  sp.),  white  elm  (  Ulmus  amencana),  honey- 
looxxsi  {Eobinia  sp.),  black  walnut  {Juglans  nigrà)^  in  the  vicinity  of 
Lawrence,  and  on  maple  near  Kansas  City. 

MEASUREHENTS  IN  MICROMILLDIETEES. 


HOST. 

ÂNTBNNAL  SBOKBNTB. 

1 

2 

3 

4 

5 

6 

7 

8 

Maple 

45 
39 
45 
45 

48 
42 
48 
51 

63 
69 
63 
66 

51 
45 
51 
60 

36 
30 
36 
36 

27 
24 
27 
24 

24 
21 
24 
24 

45 

Honey-locust 

45 

Walnut 

45 
42 

Leos. 

Coxa. 

Troch. 

Fem. 

Tibia. 

Tarai. 

Claws. 

Maple 

96 
108 

90 
108 

60 
30 
60 
30 

175 
130 
147 
180 

135 
135 
129 
150 

105 

Honey-locust 

78 
66 
84 

27 

Walnut 

24 

•( 

25 

White  elm 

53 

174 

15 

»9 

90 

21 

Pnlrinaria  j^runi,  n.  sp.      Plate  XXI,  fîg.  3;   plate  XXII;   plate  XXIII, 

figs.  1,  2. 

Scale  of  female.  Before  the  formation  .of  the  ovisac  the  scale  is 
not  unlike  that  of  the  fuUy  mature  Lecaniuyn  hesperidum,  of  délicate 
texture,  plane  surface,  oval,  1-1.7  mm.  in  width,  1.5-2.9  mm.  long. 
After  oviposition  the  scale  becomes  more  dense,  recurved,  plicate, 
when  boiled  in  KOH  and  spread  out  under  cover  glass  measures 
about  3  mm.  in  width  and  4  mm.  in  length.  Marginal  spines  simple. 
The  base  of  ovisac  ranges  from  5  to  7  mm.  in  length  and  from  3  to  5 
mm.  in  width. 

The  larvae  settle  on  the  twigs  and  both  sides  of  the  leaves,  prefer- 
ably  the  under  side,  in  either  case  choosing  positions  alongside  the 
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veius.     Longitudinal  médian  carina  prominent,  undisturbed  by  shriv- 
eling  of  the  body  in  the  dried  spécimens. 

The  following  measurements  will  show  the  characteristio  structure 
of  legs  and  antennœ  of  the  adult  f  emale  : 


Antbnnal  Sbomknts. 

1 

8 

8 

4 

5 

6 

7 

8 

Scale  on  leavea 

Scale  on  twi£^ 

57 
54 

75 
66 

84 
84 

.  63 
48 

39 
36 

.30 
27 

36 
27 

51 
45 

Seale  on  leavea: 

Cephalic  leg. . 

Médian  leg  . . . 

Posterior  leg. . 
Scale  on  twig: 

Cephalic  leg. . 

Médian  leg  . . . 

Posterior  leg. . 


SBOnNTS  OF  Lxo. 


Coza.     Tro.    Femar.    Tibia.      Tarsus.     Claw.     ^f  fémur. 


120 
165 
180 

135 
159 
150 


135 
180 

180 

150 
174 
150 


240 
300 
300 

249 

285 
276 


255 
285 
.255 

270 
240 
246 


108 
114 
115 

96 
105 
108 


30 
45 
45 

24 
36 
30 


111 
111 
105 

96 
108 


The  above  measurements  were  so  characteristio,  differing  essentially 
(being  in  most  cases  uniformly  larger)  from  either  material  or  de- 
scription before  me,  that  I  sent  mounts,  spécimens  in  situ  and  notes 
to  Dr.  Howard,  for  comparison  with  departmental  collections.  In 
a  letter  he  says:  "I  hâve  asked  Mr.  Pergande  to  give  it  a  careful  ex- 
amination,  and  he  reports  that  it  is  apparently  an  undescribed  species. 
We  hâve  reoeived  it  before,  and  it  bears  the  biologie  number  in  our 
collection  *6222.'  We  hâve  received  it  from  Charleston  and  Florence, 
S.  C,  both  in  1894." 

In  our  own  collections  it  bears  the  lot  number  399,  which  refers  to 
like  number  in  accession  book.  It  is  hère  recorded  as  being  received 
from  Wichita,  Kan.,  July  23,  1895.  The  accompanying  letter  stated 
that  thèse  insects  hâve  been  infesting  the  trees  for  three  or  four  years. 

On  the  twigs  of  this  same  plum  tree  Aspidiotus  ancyhcs  and  As- 
pidiotus  forheai  were  présent.  This  is  the  second  instance  of  the  as- 
sociation in  goodly  numbers  of  thèse  two  species,  the  first  being  lot 
D,  on  crab-apple.* 

A  number  of  the  scales  of  P,  pruni  showed  the  effects  of  parasites. 
A  spécimen  was  sent  to  Doctor  Howard,  who  finds  it  to  be  Coccopha- 
ffus  lecanii  Fitch. 

Parlatoria  pergandei  Comstock.    Plate  XXIV,  figa.  1,  2. 

This  species  is  differentiated  by  Comstock  from  its  nearest  ally, 
Parlatoria  proteus  Curt.,  principally  by  the  shape  of  scale  of  f  emale  : 

4.  Thii  lot  was  disensaed  in  this  joamal,  toI.  VIII.  No.  1.  p.  3.  Mention  is  there  raade  of  the 
présence  of  another  species  besides  A,  /orbeêi  upon  tne  crab  tree,  bat  the  détermination  of  the 
second  species  as  A,  aneyliu  was  not  given  at  that  time. 
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circular  in  pergandei,  oblong  în  proteus;  by  the  fourth  lobe  :  présent 
in  pergdndei,  absent  in  proteus, 

It  is  upon  thèse  characters  that  spécimens  in  hand  are  determined 
as  pergandei,  Comstock's  comparisons  were  probably  made  without 
spécimens  of  proteus  at  hand,  since  he  mentions  in  a  foot-note  Sig- 
noret's  figures  and  description.^  Later,  however,  Comstock  speaks  of 
receiving  spécimens  of  proteus  from  Signoret,**  confirming  his  con- 
ception  of  this  species. 

The  exact  status  of  pergandei,  however,  does  not  seem  to  be  f  ully 
settled.  Professer  Cockerell  in  his  first  check-list  cites  pergandei  as 
a  distinct  species,^  and  in  his  first  supplément  it  is  located  as  a  variety 
of  proteus.^  I  hâve  received  it  from  Mr.  Craw  on  orange  from  the 
type  locality,  Florida,  labeled  in  agreement  with  CockerelVs  supplé- 
ment. Mr.  C.  L.  Marlatt,  who  is  now  studying  the  genus,  says  "per- 
gandei Comst.  (merges  into  proieua  Curt.)"^  Dootors  Berlese  and 
Leonardi  place  Comstock's  variety  of  pergandei,  cameliœ,  as  protetisi 
var.  cameliœ,^^  and  other  instances  likewise  might  be  cited. 

With  pergandei  on  orange  branches  from  Florida  (Craw),  the  per- 
gandei under  considération  on  orange  leaves  and  branches  from  a 
Lawrence  greenhouse,  proteus  on  Pinus  insignis  from  Perth,  Aus- 
tralia  (Ckll.),  and  proteus  on  leaf  of  an  orchid,  Watagode,  Ceylon 
(Green),  before  me,  the  folio wing  notes  are  made:  Begarding  the 
form  of  scale  of  female,  I  find  "circular"  scales  among  proteuf  and 
"elongate"  scales  ennong  pergandei.  No  steadfast  distinction  either 
in  shape  or  color  of  the  female  scale  can  therefore  be  noticed.  Con- 
cerning  the  pygidium,  the  proteus  on  Pinus  and  the  orchid  show,  in 
accordance  with  Comstock,  the  présence  of  plates  in  the  location 
where  the  pointed  fourth  lobe  is  found  in  pergandei.  Proteus  f urther 
shows  marginal  undulations  apparently  independent  of  the  lobes,  the 
crests  situated  beneath  (ventral  aspect)  the  lobes  and  extending  out 
about  one-third  the  length  of  the  lobes.  Thèse  undulations  are  shown 
in  the  figure  and  are  characteristic  of  the  proteus  on  Pinus.  They 
are  not  noticeable  on  the  orchid  insects. 

Proteus,  f  urther,  is  not  recorded,  as  far  as  I  can  ascertain,  existing 
upon  orange.  I  hâve  received  spécimens  in  exchange  on  orange  la- 
beled proteus,  but  discriminations  made  upon  the  above  basis  showed 
the  insects  to  be  undoubtedly  pergandei.  The  undulations  along  the 
posterior  margin  of  proteus  may  be  f  airly  constant  ;  their  présence  in 
this  one  lot  on  Pinus  does  not  warrant  a  statement  of  their  perma- 

5.  Bep.  Comra'r  Agr.  1880,  p.  327. 

6.  2d  Rep.  Dept.  Ent.  Comell  UqIt.  1883,  p.  114. 

7.  Bull.  lU.  St.  Lab.,  vol.  IV,  p.  835. 1896. 

8.  Btdl.  ni.  St.  Lab..  vol.  V,  p.  387, 1899. 

9.  Marlatt,  MSS. 

10.  Chermotheca  Italla,  Faseicola  I,  No.  2. 
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nenoe.  The  question  then  anses,  Are  the  distinctions  surroonding  the 
fourth-lobe  position  of  spécifie  moment  ?  In  some  gênera  they  would 
not  be.  In  Parlatoria  ail  species  are  closely  related,  and  henoe  dis- 
tinctive  structural  characteristics,  though  slight,  are  of  greater  weight 
than  in  gênera  where  distinctions  are  more  marked.  The  présence  of 
the  fourth  lobe,  rudimentary,  with  papillar  termination,  then,  should 
diflferentiate  the  species  jP.  pergandei  from  the  species  jP.  proteus 
with  its  fourth  rudimentary  lobe  showing  plates  extending  beyond  its 
caudal  margin. 

NOTES  AND  CORRIGIENDA. 

Part  /. 

AspidiotuB  obacurua  Ck)m8tock  as  recorded  was  represented  by  only  a  few 

individuals  upon  one  tree.    I  hâve  since  (October,  1899)  found  two  black  oak 

trees  quite  generally  infested  on  both  trunk  and  limbs.    Thèse  trees  are  in  a 

forest  near  Holton,  Jackson  county,  Kansas. 

On  page  4,  and  wherever  it  occurs  thereafter,  the  spécifie  term  ancyclus 

should  be  ancylus. 

Part  II. 

Lecanium  canadense  Ckll.  Occurred  sparsely  when  found  at  time  of  ooi- 
lection,  April,  1898.  Last  year  the  same  conditions  ezisted.  This  season  it 
appears  to  be  abundant  upon  elms  in  Lawrence  and  vicinity;  in  some  cases 
assembled  in  ciusters.  I  hâve  found  a  species,  alike  in  form,  size,  and  color  upon 
hickory,  a  suggestion  for  further  observations  upon  the  status  of  caryœ  and 
canadenëe, 

Lecanium  cocker elli  Hunter.  This  species  has  been  found  on  plum>  in 
Nebraska  (  Bruner  MSS.)  I  hâve  found  i t  on  hickory  this  season  (  May  )  near  Law- 
rence.   The  scale  on  hickory  was  well  covered  with  a  pruinose  coating. 

Lecanium  maclurœ  being  preoccupied,  the  term  Lecanium  aurantiacum 
is  now  offered  in  substitution. 

Measurements  of  length  and  breadth  of  bodies  of  scales  contain  thereafter 
the  abbreviation  p  (Greek  mu),  which  should  be  mm. 


THE  STBATIGBAPHY  AND  INVEBTEBBATE  FAUNAS  OF 

THE  JUBASSIC  FOBMATION  IN  THE  FBEEZE-OUT 

HILLS  OF  WYOMING. 


BY    W.    N.    LOGAN. 
With  Plates  XXV  to  XXXI,  indasive. 

INTRODUCTION. 

T^HE  présent  article  is  based  on  the  study  of  an  assemblage  oî  f os- 
-*-  sils  coUected  by  members  of  the  Kansas  University  paléontologie 
party  from  the  Freeze-out  Hills  of  Wyoming  during  the  summer  of 
1899.  The  expédition  was  under  the  direction  of  Dr.  S.  W.  Willis- 
ton,  to  whom  the  writer  is  indebted  for  assistance  in  securing  thèse 
data. 

The  spécimens  described  in  this  article  will  be  placed  in  the  Kan- 
sas University  Muséum.  The  collections  contain  a  majority  of  the 
species  which  hâve  been  described  from  the  interior  Jurassic  prov- 
ince.  A  few  of  the  species  were  coUected  by  the  writer  from  Como 
Blufifs,  and  many  of  the  species  described  from  the  Freeze-out  Hills 
were  recognized  there. 

Géographie  Position,  The  Freeze-out  Hills  of  Wyoming  are  situ- 
ated  in  the  région  of  the  sixth  standard  parallel  north,  between  lati- 
tude 42°  and  42^  15'  north,  and  between  longitude  106°  and  106"  30' 
west.  Their  most  southern  extension  lies  about  fifteen  miles  north- 
west  of  Medicine  Bow,  a  station  in  southern  Wyoming  on  the  Union 
Pacific  railroad.  Sixty  or  seventy  miles  east  of  them  the  lof ty  peaks  of 
the  Laramie  mountains  rise,  while  the  Seminole  mountains  approach 
them  from  the  west,  and  from  them  the  Snowy  range  is  plainly  visi- 
ble on  the  south.  The  extensive  orogenic  movements  which  produced 
thèse  surrounding  mountain  ranges  left  on  the  enclosed  interior  a 
number  of  anticlinal  folds,  of  which  the  Freeze-out  is  a  type.  The 
hîlls,  which  are  carved  out  of  this  anticlin  e,  are  in  the  form  of  a  pemi- 
cîrcle,  with  a  northwestem  and  southeastem  extension  of  about 
twenty-five  miles.  They  are  Idcated  about  twenty  miles  north  of  the 
région  described  by  King  in  the  report  of  the  geology  of  the  fortieth 
parallel. 

Drainage,  The  Freeze-out  Hills  are  separated  from  the  Laramie 
range  by  the  basin  carved  out  by  the  Little  Medicine  Bow  river  and 

[lC9J-K.U.Qr.-A  ix  2-April,  '00. 


110 


KANSA8   UNIVER8ITY  QUARTERLY. 


its  tributaries.  The  Lîttle  Medicine  bas  in  this  région  two  princiiml 
branches.  Sheep  creek,  its  eastem  branch,  rises  among  the  foot-hills 
of  the  Laramiè  moun tains,  flows  in  a  gênerai  southwest  direction,  and 
joins  the  river  at  a  point  almost  directly  east  of  the  southern  border 
of  the  Freeze-out  Hills.  Muddy  creek,  the  western  tributary  of  the 
Bow,  has  its  origin  north  and  west  of  the  hills,  flows  for  some  dis- 
tance nearly  straight  east,  turns  firsfr  southeast,  then  south,  and  enters 
the  parent  stream  a  f ew  miles  below  the  mouth  of  Sheep  oreek.  Thus 
Muddy  creek  and  its  branches  receive  the  northern  and  eastem  drain- 
âge  of  the  hills. 

A  few  miles  below  the  mouth  of  Muddy  creek  the  Little  Medicine 
Bow  river,  which,  north  of  that  point,  flows  for  some  distance  almost 
directly  south,  turns  sharply  toward  the  west,  and,  flowing  not  far 
south  of  the  hills,  receives  their  southern  drainage  through  its  north- 
ern branches.  On  the  west  the  drainage  is  efifected  through  Trouble- 
some  creek,  which  is  also  a  northern  branch  of  the  Bow. 


\'à\ 


Topography.  The  topographie  features  of  the  région  are  bold  and 
rugged.  The  hills  hâve  been  oarved  out  of  a  great  anticline  by 
streams  which  in  many  instances  flow  almost  parallel  with  the  dip 
and  across  the  strike  of  the  strata.  In  gênerai  outline  the  group  f orms 
a  great  semicircle,  with  an  abrupt  central  ascent  and  a  gradually  sloping 
circumferential  descent.  The  maximum  height  of  the  hills  is  between 
600  and  600  feet.  The  dip  of  the  strata  which  compose  them  is  about 
thirteen  deg.  although  at  first  sight  it  appears  much  greater  than  that. 
The  individual  hills  hâve  an  abrupt  central  or  western  approacli  and 
a  far  less  précipitons  outer  approach.    The  occurrence  of  altemating 
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hard  and  soft  layers  bas  produced  a  number  of  terrace-like  ledges 
which  lise  one  above  the  other  between  the  lowermost  Ked  Beds  and 
tbe  Dakota  at  the  summit. 

In  many  places  the  topography  approaches  the  Bad  Lands  type. 
The  characteristio  absence  of  végétation  of  the  Bad  Lands  is  saved 
hère  to  a  lîmited  extent  by  the  présence,  on  the  lower  levels,  of 
springs  of  water  which  irrigate  the  creek  valleys.  On  the  slopes, 
however,  very  little  végétation  grows,  but  the  dip  of  the  strata  com- 
bîned  with  the  thickness  of  the  hard  layers  serves  to  produce  the 
sbelving  rather  than  the  sharp-crested  f orm  of  topography  which  is  so 
common  in  the  Bad  Lands. 

Streams  which  hâve  worked  against  the  face  of  the  monocline 
from  the  west  hâve  carved  ont  broad,  amphitheater-like  basins.  Those 
streams  which  flow  toward  the  east  hâve  eut  down  through  the  hard 
strata  of  the  Dakota  and  carved  out  similar  basins  in  the  softer  strata 
of  the  underlyîng  beds.  The  courses  of  thèse  streams  are  marked 
through  the  Dakota  by  narrow,  tortuous  défiles  or  cafions. 

The  basai  portion  of  the  hills  is  formed  by  the  Ked  Beds,  while  the 
main  body  of  the  hills  is  formed  by  the  Jurassic  and  Atlantasaurus 
Beds.  The  hills  are  capped,  usually,  with  a  hard  stratum  of  Dakota 
sandstone.  This  sandstone,  broken  into  huge  blocks  by  the  sapping 
action  of  érosion,  lies  scattered  upon  the  slopes.  The  soft  clays  under- 
lyîng are  first  eut  away  by  the  action  of  the  falling  water,  and  the 
sandstones,  being  undermined,  are  broken  ofif  by  their  own  weight  and 
roll  down  the  slopes  of  the  hills.  In  some  places  the  Jura  is,  by  this 
means,  concealed,  although  on  the  whole  the  exposures  are  very  per- 
fect. 

STRATIGRAPHY. 

The  Red  Bed»,  The  oldest  rocks  recognized  in  the  Freeze-out  Hills 
are  the  Carbonif erous.  They  occupy  the  center  of  the  anticline  and  are 
overlain  by  the  Ked  Beds,  which  are  composed  of  sandstones  and  red- 
dish  arenaceous  clays,  enclosing  hère  and  there  lenticular  masses  of 
gypsum  or  gypsiferous  clays.  Thèse  beds  are  seemingly  devoid  of 
fossils,  and  are  apparently  conformable  with  the  overlying  Jurassic 
beds,  of  unquestionable  marine  déposition.  The  brilliant  colors  of 
the  Red  Beds,  blended  in  places  with  the  green  of  the  végétation  and 
bluish  olay  of  the  Jura,  produce  in  the  hills  a  séries  of  views  remark- 
able  alike  for  their  beauty  and  brilliancy.  At  a  point  on  the  Dyer 
ranch  the  following  stratigraphical  conditions  of  the  contact  between 
the  Ked  Beds  and  the  Jura  were  noticed  : 

1.  Base,  near  top  of  Red  Beds,  reddish  clay 2  ft.+ 

2.  White,  indurated  sandstone 4  in. 

3.  Clay,  light  red 5  " 

4.  White  sandstone  with  reddish  tinge 1  *' 
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5.  Light  red  clay 2  in. 

6.  White,  slightly  indurated  sandstone 6  " 

7.  Shale,  reddish,  changing  to  purple 4  f t. 

8.  White,  fissile  sandstone :     6  " 

9.  Arenaceous  clay  of  a  dull  red  color 10  " 

10.  White,  laminated  arenaceous  limestone  oontaining  fossils 6  in. 

This  last  stratum  oontains  a  characteristio  Jurassio  type,  Pseudo- 
monotis  curta  Hall.  This  is  the  first  or  lowest  known  fossil-bearing 
horizon  of  the  Jura.  Any  division  Une  placed  between  the  Ked  Beds 
and  the  Jura  lower  than  this  fossiliferous  statum  would  be  an  arbi- 
trary  one,  as  there  appears  to  be  no  unconformity  to  mark  their 
séparation. 

The  term  Jura-Trias,  which  has  so  long  been  applied  to  thèse  beds, 
is  no  longer  applicable,  for  the  reason  that  the  Jura  is  well  difiFer- 
entiated  by  its  faunas.  This  is  true  not  alone  of  the  Jura  of  this 
région,  but  it  is  also  true  of  the  formation  everywhere  in  the  West. 
The  séries  of  beds,  however,  which  lie  between  the  known  Carbon- 
iferous  and  the  Jura,  and  which  constitute  the  Red  Beds  proper, 
might,  in  the  absence  of  any  means  of  difiFerentiation, 
be  called  the  Permo-Trias. 

The  Jura.    Continuing   the   section   already  be- 
gun,  we  hâve,  for  number 

11.  Arenaceous  clay  of  a  somewhat  shaly  nature. . .  6  f  t. 


This  layer  con tains,  near  the  central  portion,  a 
more  highly  arenaceous  stratum  of  a  greenish  color. 
It  has  scattered  through  it,  also,  at  différent  levels, 
some  rather  large,  brown,  argillaceous  concrétions. 
•  The  entire  stratum  seems  to  be  unfossiliferous.  But 
it  may  contain  Belemnites  densua,  as  it  is  often  diffi- 
cult  to  détermine  whether  this  fossil  does  or  does  not 
belong  to  the  lower  beds,  since,  on  account  of  its  abun- 
dance  in  some  of  the  upper  beds,  it  is  scattered  su- 
perficially  throughout  the  f uU  extent  of  the  outcrop. 

12.  White,  sandy  clay 4  f  t. 

No  invertebrate  fossils  were  found  in  this  stratum, 
but  the  remains  of  marine  saurians  belonging  to  the 
gênera  Ichthyoaaurus  and  Plesioaaurua  occur  in  con- 
sidérable abundance. 

13.  Purplish  fossiliferous  clay  containing  calcar- 

eous  nodules 20  f  t. 

The  most  abundant  fossil  in  this  stratum  is  Belem- 
nites  densuSf  which  occurs  distributed  throughout 
the  layer,  while  the  other  fossils  are  confined  chiefly 
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to  the  calcareous  concrétions.  From  thèse  concré- 
tions the  foUowing  forms  were  obtained:  Pinna 
kingi,  Pinna  sp.,  Cardioceras  cordiforme,  Avicula 
heedei,  As  tarte  packardi,  Pentacrinus  aster  icus, 
Tancredia  hulhosa,  Tancredia  magna,  Lima  lata, 
Ooniomya  montanaensis,  Avicula  m^cronatus,  Pieu- 
romya  subcompressa,  Cardinia  wyomingensis,  Pseu- 
doTnonotis  curta^  Belemnites  densus,  and,  in  the 
clay,  Belemnites  curtus.  This  stratum  contains  also 
the  remains  of  plesiosaurs  and  ichthyosaurs.  It  is 
the  most  abundantly  fossiliferous  of  ail  the  Jnrassic 
strata.  It  is  also  one  of  the  most  persistent  beds, 
and  is  everywhere  characterized  by  the  great  abun- 
dance  of  belemnites. 

14.  Greenish-colored  sandstone,  separatiDg 
into  thin  layers 2  ft.  to  5  f t. 

This  stratum  contains  considérable  calcareous  mat- 
ter,  is  very  persistent,  and  is  easily  recognized  on  ac- 
count  of  its  uniformly  greenish  color.  The  foUowing 
fossils  occur  in  it  :  Camptonectes  hellistriatus,  Camp- 
tonectes  extenuaius,  Ostrea  densa,  and  Ostrea  strig- 
ilecula. 

15.  Purplish  clay  oontaining  considérable  arena- 
ceous  inclusions 40  f  t. 

The  clay  contains,  in  the  lower  part,  a  thin  stratum 
of  sandy  limestone  in  which  the  foUowing  fossils  were 
found:  Pentacrinus  astericus,  Asterias  dubium, 
Pseudomonotis  curta,  Avicula  macronatus,  and 
Ostrea  strigilecula. 

The  Atlantasaurus  Beds.  The  last  stratum  is 
the  last  one  containing  marine  fossils,  and  probably 
closes  the  Jura,  but  some  of  the  non-f ossiliferous  beds 
lying  above  may  belong  to  that  formation.  The  suc- 
ceeding  stratum  varies  so  much  in  thickness  that  it 
may  represent  the  eroded  surface  of  the  Jura  upon 
which  the  Atlantasaurus  Beds  were  deposited. 

16.  Fine-grained,    grayish-white    sand- 
stone   10  ft.  to  125  ft. 

The  above  stratum  varies  much  in  thickness  within  short  distances. 
At  one  point  on  the  Dyer  ranch  it  has  a  thickness  of  only  10  ft.,  while 
a  few  miles  southeast  it  reaches  a  thickness  of  125  ft.  The  sandstone 
composing  the  layer  is  of  nearly  uniform  color  and  texture.    Its  in- 
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duration  is  only  moderate,  and  it  weathers  into  many  grotesque  forma 
Cross-bedding  is  well  exbibited  by  it  in  many  localities. 

17.  Purple  to  greenîsh-colored  clay : 60  f  t. 

This  is  apparently  an  unf ossilif erous  layer,  except  in  the  uppermost 

horizon,  where  species  of  dinosaure  belonging  to  the  gênera  Bronio- 
saiiims  and  Morosaurua  oocur. 

18.  Sandstone,  grajish  to  light  brown 10  f  t.  to  20  f  t. 

The  above  sandstone  présents  some  very  interesting  stratigraphie 

phenomena.  It  has,  at  the  base,  a  layer  of  conglomerate  about  2|  ft. 
thick.  The  conglomerate  is  composed  of  small  silicious  and  argil- 
laceous  pebbles,  and  is  not  very  cohérent.  Something  like  two  f eet  of 
sandstone  rests  upon  the  conglomerate  ;  the  bedding  planes  of  the 
sandstone  are  oblique  to  the  bedding  planes  of  the  beds  above  and 
below.  Succeeding  the  sandstone  above  is  6  in.  of  sandstones  in  very 
thin  layera,  with  lignitic  seams  along  ite  horizontal  but  wavy  bedding 
planes.  The  above  is  overlain  by  4  in.  of  conglomerate,  followed  by 
1  in.  of  sandstone  with  oblique  bedding  planes.  Overlying  this  layer 
is  a  thin  layer  of  sandstone  in  which  the  bedding  planes  are  horizontal. 
The  remainder  of  the  stratum  is  made  up  of  sandstone  with  the  bed- 
ding planes  as  f  ollows  :  1  f  t.  oblique  ;  then  3  in.  horizontal  ;  then  2  f  t.  ob- 
lique ;  and  finally  3  in.  horizontal.  The  stratum  f umished  in  one  place 
the  trunk  of  a  large  fossil  tree  and  a  large  number  of  fossil  cycads. 
Fragments  of  fossil  wood  were  f ound  in  a  number  of  places,  but  cycads 
in  only  the  one.  Fragments  of  a  hoUow-boned  dinosaur  were  found 
in  one  place  in  the  horizon. 

19.  Drab-colored  clay 30  f  t.  to  40  f  t. 

This  stratum  contains  the  bones  of  the  large  dinosaur,  Bronto- 

saurus,     Otherwise  it  appears  to  be  unfossiliferous. 

20.  Fissile,  brownish  sandstone 4  f  t.  to  5  f  t. 

No  f ossils  were  found  in  this  sandstone,  and  the  most  characteristîc 

feature  about  it  is  its  uniformly  brown  color.  It  seems  to  be  moder- 
ately  persistent,  as  its  occurrence  in  many  places  in  the  hills  was  no- 
ticed. 

21.  Bluish-green  clay  containing  very  small  concrétions 30  ft 

In  the  bone  quarries  of  this  horizon,  which  furnished  species  of 

Brontosaurus,  Morosaurus,  and  Diplodocus,  were  found  spécimens  of 
(Planorbis)  veternus  and  Valvata  leei.  This  is  the  lowest  horizon  at 
which  any  of  thèse  non-marine  invertebrates  were  noticed.  It  is 
probable  that  they  will  be  found  lower  down,  as  the  dinosaurs  occur 
much  lower. 
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22.  BrowD  to  bluish-gray  arenaceous  limestone 8  in.  to  1  f  t. 

This  stratum  con tains  the  following  non- marine  învertebrate  forms  : 

Unio  knighti,  U.  willistoni,  U,  baileyi,  Valvata  leei,  and  (Planorbis) 
vetemus,  Species  from  the  same  gênera  hâve  been  desoribed  by 
Meek  from  a  similar  stratum  of  limestone  in  the  Black  Hills.  As 
thèse  oGcupy  much  the  same  stratigraphical  position  they  are  proba- 
bly  the  same  âge.  The  Lioplacodes  seems  to  be  identical  with  that  de- 
scxibed  by  Meek  in  the  Geology  of  the  Upper  Missouri. 

23.  Drab-colored  clay 70  f  t. 

Species  of   the  gênera  JBrontosaurus,  Diplodocus,  Jiforosaurus, 

Stegasaurus  and  Alloaaurus  occur  in  this  horizon.  Portions  of  spe- 
cies  of  ail  thèse  gênera  were  found  in  one  quarry  by  the  Kansas  Uni- 
versity  coUecting  party .  The  clay  is  of  that  quality  usually  designated 
as  "joint"  clay.  It  con  tains  in  places  iron  and  argillaceous  concre- 
tions  of  small  size.  The  iron,  and  sometimes  the  bones,  are  covered 
with  selenite  crystals. 

24.  Grayish-white  sandstoce 50  f  t. 

This  layer  forms  a  conspicuous  capping  for  the  hills,  and  is  the 

highest  remuant  of  the  anticline.  It  breaks  up  into  large  blocks, 
which  lie  scattered  along  the  slopes  of  the  underlying  softer  beds. 
Its  érosion  and  disintegration  is  accomplished  ohiefly  by  sapping. 
No  fossils  were  found  in  this  stratum,  and  its  true  position  is  in 
doubt. 

The  Dakota,  The  Freeze-out  Hills  are  capped  with  a  heavy  ledge 
of  sandstone,  which  may  represent  the  basai  member  of  the  Dakota, 
although  its  âge  is  in  doubt.  So  far  no  paléontologie  évidence  as  to 
the  âge  of  thèse  beds  has  been  found.  From  their  stratigraphical 
position,  however,  they  hâve  been  placed  in  the  Dakota. 

This  grayish-white  sandstone  layer  breaks  up  into  immense  blocks, 
which  lie  scattered  in  many  places  from  summit  to  base  of  the  hills. 
It  weathers  in  some  places  to  a  rusty  iron  color,  and  in  other  places  has 
the  appearance  of  hématite.  The  base  of  the  sandstone  is  apparently 
conformable  with  the  underlying  beds,  although  it  is  conglomeratic. 
The  stratum  forms  the  crests  of  the  greater  part  of  the  hiUs  and  dips 
rapidly  down  toward  the  surrounding  plain.  Its  detailed  stratig- 
raphy,  taken  from  an  outcrop  about  one  mile  northwest  of  the  T.  B. 
ranch,  is  as  f oUows  : 

1.  At  the  base,  resting  on  the  clay  of  the  Atlantasaurus  beds,  a 

layer  of  fine-grained  sandstone 6  ft. 

2.  A  layer  of  congloméra  te,  composed  of  small  pebbles 10    " 

3.  A  layer  of  ooarse-grained  sandstone 10    " 

4.  At  the  summit,  fine-grained  sandstone. ,,  25    **  -h 

»-K.U.Qr.    A-ix2 
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Ail  of  thèse  layers  exhibit  the  phenomena  characteristic  of  shallow- 
water  deposits.  The  conglomerate  is  composed  of  small  pebbles,  the 
largest  noticed  not  exceeding  an  inch  in  diameter,  and  the  average 
being  only  about  one-third  that  size.  The  pebbles  are,  for  the  most 
part,  argillaceous  and  silicious.  Induration  is  more  pronounced  in 
the  case  of  the  fine-grained  sandstone,  in  which  the  cementing  ma- 
terial  is  almost  wholly  siliceous. 

There  occur  occasionally  throughout  the  région  large  lenticular 
masses  of  sandstone,  in  which  the  cementing  material  is  iron  oxide. 
Thèse  masses  are  by  far  the  most  highly  indurated  of  the  group.     The 

iron  was  probably  depos- 
ited  under  the  same  condi- 
tions which  prevail  in 
certain  régions  to-day.  At 
the  présent  day,  iron,  in 
the  form  of  a  soluble  car- 
bonate, is  being  brought 
into  marshes  and  bogs,  and 
deposited  in  the  form  of  an 
oxide  or  a  carbonate.  To 
assume  that  the  iron  of  the 
Dakota  formation  was  de- 
posited under  similar  con- 
ditions seems  to  be  in  accord 
with  a  logical  interpréta- 
tion of  the  facts. 

The  quartz  grains  of  the 
Dakota  sandstone  are  held 
together  by  at  least  three 
kinds  of  cementing  mate- 
rial, namely,  iron  oxide,  cal- 
cium carbonate,  and  silica. 
The  degree  of  hardness  of 
the   stone    dépends    upon 
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the  amount  of  the  last-named  sabstance.  The  degree  as  well  as 
the  uniformity  of  the  induration  dépend  upon  the  conditions  of 
sédimentation  and  subséquent  stratigraphical  relations.  A  homog- 
enous  stratum  of  sand  in  the  belt  of  induration  is  more  favorable  to 
the  agents  of  cémentation  than  a  heterogeneous  stratum  composed  of 
sand  and  clay,  for  the  reason  that  the  former  permits  the  freer  circu- 
lation of  solutions.  Again,  if  the  minerai  in  solution  be  silica,  the 
présence  in  the  rock  of  large  quantities  of  quartz  will  favor  déposition 
of  the  silica,  because  of  the  affinity  which  causes  one  minerai  to  sélect 
its  kind  in  déposition  or  recrystallization — a  principle  which  is  well 
illustrated  in  the  process  of  enlargement  of  crystals  by  metasomatism. 

The  oharacter  of  the  cementing  substance  dépends  upon  the  char- 
acter  and  solubility  of  the  rocks  through  which  the  percolating  waters 
pass  before  reaching  the  zone  of  induration.  If  the  surface  rocks  and 
the  superincumbent  rocks  be  limestones  or  calcareous  shales,  the  cé- 
ment will  be,  for  the  most  part,  calcite.  If  the  source  of  the  descend- 
ing  waters  be  marshes  into  which  the  surface-waters  are  bringing 
soluable  iron  compounds,  the  cementing  agent  is  very  likely  to  be 
some  form  of  iron.  If,  on  the  other  h  and,  the  surface-waters  and  the 
percolating  waters  find  their  courses  in  sandstone,  quartzite,  or  other 
quartz-bearing  rocks,  the  sandstone  will  be  cemented  by  silica. 

The  induration  of  thèse  sandstones  is  a  continuons  process  which 
began  with  the  déposition  of  the  beds,  and  is  still  taking  place.  It  is 
taking  place  not  alone  in  the  deep-seated  zone,  but  also  in  the  periph- 
eral  zone  of  weathering.  Depth  of  burial  had  its  influence  by  bring- 
ing the  quartz  grains  doser  together,  and  thus  leaving  smaller  spaces 
to  be  filled  by  the  cementing  substance.  The  stratum  of  sandstone 
which  becomes  indurated  while  deeply  buried  is  not  constantly  in  a 
zone  of  underground  waters,  but  is  altemately  in  a  zone  of  satura- 
tion and  in  a  zone  of  imbibition.  While  in  the  zone  of  saturation, 
the  rock  spaces  are  filled  with  water  containing  the  cément  in  solu- 
tion. When,  however,  by  a  diminution  in  the  supply  of  water,  the 
stratum  is  brought  above  the  zone  of  saturation  into  that  of  imbibi- 
tion, evaporation  takes  place,  and  the  minerais  held  in  solution  are 
deposited. 

Induration  continues,  however,  even  after  the  rocks  hâve  been  up- 
turned  by  orogenic  movement  and  the  overlying  rocks  removed  by 
érosion.  In  the  zone  of  weathering,  the  ascending  waters  are  bring- 
ing up  minerais  in  solution  to  be  deposited  as  the  water  is  evaporated. 
This  form  of  déposition  is  very  common  in  arid  or  semi-arid  régions. 
In  western  Kansas,  ascending  waters  passing  through  a  bed  of  calca- 
reous shales  hâve,  in  one  instance,  built  up  a  cône  twenty  feet  high. 
Where  the  underground  waters  come  to  the  surface  in  some  of  the 
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Tertiary  rocks  of  the  arid  plains,  thèse  rocks  hâve  reached  a  high  de- 
gree  of  induration  produced  by  thîs  mode  of  déposition. 

PALBONTOLOGY. 

Jurassic.  The  Jurassio  period  was  a  period  of  expansion  for  ma- 
rine life.  It  was  a  period  when,  by  the  encroachment  of  the  oceanic 
waters,  great  epicontinental  seas  and  bays  were  formed.  At  least 
three  of  thèse  bodies  of  water  existed  on  the  continent  of  Eurasia  and 
one  upon  the  American  continent,  while  there  were  less  extensive  en- 
croachments  on  ail  the  large  land  masses.  Thèse  epicontinental  seas, 
by  furnishing  additional  feeding  grounds,  increased  to  a  marked  de- 
gree  the  number  of  marine  organisms.  And  in  so  far  as  thèse  seas 
restricted  the  land  area  they  restricted  also  the  development  of  ter- 
restrial  life* 

During  Upper  Jurassic  time  three  faunal  stages  marked  the  growth 
of  marine  transgression  upon  the  borders  of  the  continents.  Thèse 
stages  are  known  in  England  as  the  Lower  Oolyte,  the  Middle  Ooly  te, 
and  the  Upper  Oolyte.  Only  oiie  of  thèse  three  stages,  the  Upper 
Oolyte,  is  represented  in  the  Jura  of  the  American  interior  province, 
and  probably  only  the  middle  part  of  that.  In  other  words,  of  the 
three  Upper  Jurassic  faunas  recognized  in  the  Pacific  coast  deposits 
of  California  and  in  northem  Eurasia,  only  one  is  recognized  in  the 
Wyoming  Jura. 

The  discovery  of  beds  of  Jurassic  âge  in  the  interior  was  first  an- 
nounced  by  Meek  in  ISôS.f  In  correlating  thèse  beds  with  the  Jura 
of  the  old  world,  the  writer  says:  "The  organic  remains  found  in 
thèse  séries  présent,  both  individually  and  as  a  group,  very  close 
affinities  to  those  in  the  Jurassic  epoch  in  the  old  world  ;  so  close,  in- 
deed,  that  in  some  instances,  after  the  most  careful  comparisons  with 
£gures  and  descriptions,  we  are  left  in  doubt  whether  they  should  be 
^egarded  as  distinct  species  or  as  varieties  of  well-known  European 
.Jurassic  forms.  Araong  those  so  very  closely  allied  to  foreign  Juras- 
rBÎc  speciës  may  be  mentioned  an  ammonite  we  hâve  described  under 
Ihe  name  of  A.  cordiformis,  which  we  now  regard  as  probably  iden- 
tîcal  with  A.  cordatus  of  Sowerby  ;  a  gryphœa  we  hâve  been  only 
able  to  distinguish  as  a  variety  f rom  0,  calceola  Quenstedt  ;  a  pecten 
scarcely  distinguishable  from  P,  lens  Sowerby  ;  a  modiola  very  closely 
allied  to  JH.  cancellata  of  Goldf uss  ;  a  belemnite  agreeing  very  well 
with  B.  excentricus.*^ 

Since  the  publication  of  the  above  statements  by  Meek  the  paleon- 
tology  of  the  European  Jura  has  been  more  completely  worked  out, 
and  some  of   the  faunas,  particularly  that  of  northem  Russia,  are 

*For  the  principles  involved  in  thèse  statements  see  "A  Systematic  Source  of  Eyolntion  of 
Provincial  Faunas/'  by  T.  C.  Chamberlin.    (  Jour.  Geol.,  vol.  VII,  p.  5»7.) 

tOeological  Rexwrt  of  the  Exploration  of  the  Yellowstone  and  Missouri  Rlvers. 
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found  to  bave  still  doser  affinities  to  tbe  American  interior  fauna. 
The  Jurassie  faunas  of  America  bave  also  received  many  additions  at 
tbe  bands  of  tbe  American  paleontologists  Gabb,  Hyatt,  Wbite,  Meek, 
Wbitfield,  Wbiteaves,  Smitb,  and  Stanton.  Prom  a  study  of  tbe  évo- 
lution and  distribution  of  Jurassie  faunas,  it  bas  developed  tbat  tbe 
American  interior  fauna  is  largely  a  beterocbtbonous  fauna  wbicb  bas 
migrated  from  nortbem  Eurasia.  As  a  wbole  it  is  radically  di£Ferent 
f rom  its  équivalent  in  time  as  it  is  represented  in  tbe  Pacific  deposits 
of  Califomia. 

Tbe  foUowing  comparison  of  forma  wbicb  seem  so  closely  allied  as 
to  deserve  to  be  called  varieties  of  tbe  same  species  will  serve  to  sbow 
tbe  close  afl5nity  of  tbe  fauna  of  tbe  interior  to  tbe  fauna  of  Eurasia  : 

Belemnite9  panderanus  d'Orb =  Belemnitea  denaua  Mk. 

Aatarte  duboiaianus  d^Orb r=  Aatarte  paekardi  White. 

Penlacrintiê  pentagonitea  Golldf =  Pentacrinus  astericus  Mk. 

Avicula  tenuicoêtata  Roem =  Avieula  mucronata  Mk. 

Ooniomya  dubois  d^Orb ^  Ooniomya  montanaenaia  Mk. 

Cardioceras  cordatus  Sowerby =  Cardioceraa  cordiforme  Mk. 

Ostrea  duriscula  d'Orb =  Ostrea  denaa,  n.  sp. 

Oryphea  calceola  Quen =  Oryphœa  nebraacensis  Mk. 

Tbe  fauna  taken  as  a  wbole  exbibits  tbe  close  relationsbip  in  a 
mucb  more  forcible  manner  tban  tbe  comparison  of  a  few  species  eau 
sbow. 

Tbe  Jurassie  fauna  of  tbe  wbole  interior  is  essentially  tbe  same  as 
tbe  fauna  of  tbe  Black  Hills,  wbicb  Neumayr,  in  bis  Geograpbiscbe 
Verbreitung  Juraformation,  sbows  to  be  a  nortbem  fauna  closely  re- 
lated  to  tbat  of  nortbem  Eurasia.  To  explain  tbe  présence  of  tbis 
nortbern  fauna  in  tbe  interior  and  its  dissimilarity  to  tbe  Pacifie 
fauna  of  Califomia,  be  postulâtes  tbe  soutbern  extension  of  an  arm 
of  tbe  Arctic  océan  at  a  point  east  of  tbe  Rocky  mountains  and  tbe 
existence  of  a  land  barrier  between  tbe  two  provinces. 

DESCRIPTION   DP   SPECIES. 

In  order  to  give  a  comprebensive  idea  of  Jurassie  fauna  of  tbe 
Preeze-out  Hills,  I  bave  brougbt  togetber  and  described  ail  of  tbe 
species  found  tbere,  altbougb  a  large  part  of  tbem  are  already  known 
from  otber  localities.  Many  of  tbe  spécimens  described  bere  bave 
been  recognized  in  tbe  Black  Hills,  in  tbe  Yellowstone  national  park, 
on  Wind  river,  and  on  Queen  Cbarlotte  islands. 

Pentacrinus  (intericus  Meek  and  Hayden.    Plate  XXV,  figs.  4,  5,  6,  7. 

Many  fragments  of  crinoid  stems  were  coUected  from  a  tbin  stratum 
of  arenaceous  limestone  occurring  in  tbe  clay  of  No.  15.  Fragments 
were  also  found  in  tbe  nodules  of  No.  13.  Tbese  forms  are  ail  ref erred 
to  tbe  species  Pentacrinus  astericus, 

Tbe  stems  are  composed  of  small  pentagonal  joints.    Tbe  margins 
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of  the  joints  are  crenulate  and  the  articulating  surfaces  are  omamented 
by  five  petalloidal  areas  radiating  from  a  central  canal.  The  nodal 
joints  are  omamented  with  rounded,  tapering  cirri,  which  are  composed 
of  small,  disk-like  joints.  No  complète  spécimens  of  the  calyx  were 
obtained,  but  from  one  or  two  incomplète  ones  I  judge  the  size  is 
small.     The  free  arms  are  several  inches  in  length. 

Dimensions  of  joints:  Length,  1  mm.;  diameter,  2  to  3  mm. 

Geological  horizon  :  Fragments  occur  somewhat  abundantly  in  No. 
13,  but  more  abundantly  in  No.  15. 

Locality:  Preeze-out  Hills,  .Wyoming;  also  Black  Hills,  South 
Dakota. 

Remarks  :  This  species  seems  closely  allied  to  Pentacrinus  suh- 
angularis  Mill.,  from  the  Upper  Lias  of  northem  Ëurasia.  When  the 
calices  are  compared,  greater  différences  may  be  noted  than  are  re- 
vealed  by  the  stems. 

Pleuroniya  subcompresna  Meek.    Plate  XXVI,  fîgs.  4,  7,  8. 

Shell  médium  size,  oonvex,  greatest  convexity  in  the  anterior  ré- 
gion, form  triangularly  wedge-shaped.  The  beaks  are  prominent, 
extending  above  the  hinge  line  and  slightly  recurved.  They  are 
somewhat  flattened  anteriorly.  The  hinge  is  short  and  straight.  The 
posterior  border  is  nearly  straight  ;  straight  in  some  spécimens,  and 
slightly  curved  in  others,  in  which  case  the  convexity  of  the  border 
is  greatest  near  the  médian  line.  The  basai  raargin  has  a  curved  out- 
line,  the  anterior  basai  jKDrtion  of  which  is  truncated. 

The  dorsal  margîn  is  short  and  rounds  off  gradually  into  the  two 
adjacent  margins.  The  surface  of  the  shell  is  omamented  with  con- 
centric  ridges,  which  are  somewhat  irregular  in  degree  of  prominence 
and  form  nearly  parallel  lines  on  the  posterior  portion  of  the  shell. 
In  the  majority  of  spécimens  the  ridges  are  more  prominent  on  the 
posterior  and  ventral  portions  of  the  shell. 

Dimensions  :   Length,  40  mm.  ;  width,  25  mm.  ;  height,  8  mm. 

Geological  horizon  :  This  species  occurs  in  the  arenaceous  nodules 
of  No.  13  of  the  section.  The  same  stratum  also  furnishes  Astarte 
packardiy  Pinna  kingi,  Gonionujamontanaensis,  Belemnitea  denaus, 
etc. 

Locality  :  Freeze-out  Hills,  Wyoming  ;  also  reported  from  Utah, 
Montana,  Idaho,  Colorado,  and  Dakota. 

Pleuromya  subcompressa  is  found  also  in  the  Queen  Charlotte 

fauna  of  the  Pacific,  and  assists  in  its  corrélation  with  the  fauna  of 

interior. 

OHtvea  stHgiferula  White. 

This  species  is  so  variable  in  form  that  a  number  of  forms  hâve 

been  drawn  and  described  by  the  author  in  order  to  bring  out  thèse 

différences. 


LOGAN:    PREEZE-OUT   HILLS  OF  WYOMING.  121 

Variety  I,  plate  XXVIII,  figs.  1,  2,  5. 

Shell  email,  irregular  in  form,  sometimes  almost  cup  shaped. 
Lower  valve  deep  and  attached  by  its  entire  surface,  which  is  of ten 
nearly  circular  in  shape  ;  muscular  impression  large,  as  is  also  the  lig- 
mental  area.     Surface  of  the  valve  lamellose  or  strongly  wrinkled. 

Variety  II,  plate  XXVIII,  figs.  3,  4. 

Shell  small,  varying  in  gênerai  shape  from  oblong  to  ovate,  nearly 
flat,  most  capacious  near  the  beak  ;  interior  of  shell  smooth,  present- 
ing  a  glazed  appearance  ;  ligmental  area  quadrangular  and  depressed 
centrally. 

Variety  III,  plate  XXVIII,  fig.  6. 

Shell  larger  than  the  second  variety,  ovate  in  gênerai  outline,  beak 
acute,  with  centrally  depressed  triangular  ligmental  area  ;  muscular 
impression  faint,  while  in  the  other  varieties  it  is  well  marked. 

Dimensions:  Leugth,  30  mm.;  width,  20  mm.;  height,  5  mm. 

Geological  horizon  :  Thèse  forms  occur  in  the  lower  part  of  stratum 
No.  14,  and  also  in  a  thin  stratum  of  No.  15. 

Locality  :  The  Freeze-out  Hills,  Wyoming. 

Remarks  :  Ostrea  strigilecida  has  a  wide  distribution  in  Jurassic 
dex>o8its  of  the  interior  province.  It  has  been  recognized  wherever 
this  formation  has  been  recognized. 

Lima  lata  ?,  n.  sp.    Plate  XXX,  figs.  2,  3. 

Shell  subtriangular,  not  large  for  the  genus,  capacious,  umbonal 
région  gibbons,  dorsal  portion  slightly  convex.  The  beak  of  the  shell 
is  moderately  acute,  and  is  tumed  so  as  to  point  in  the  direction  of 
the  anterior  border.  The  hinge  Une  is  long,  the  greater  part  of  its 
extension  being  between  the  beak  and  the  anterior  border.  The  an- 
terior border,  as  well  as  the  dorsal,  is  broadly  rounded.  The  posterior 
border  is  nearly  straight,  passing  into  the  adjacent  borders  by  rather 
abrupt  curves.  The  test  of  the  shell  is  thick.  The  surface  is  oma- 
mented  with  fine  radiating  striae  and  concentric  lines  of  growth. 

Dimensions  :  The  fuU  length  of  the  shell  is  unknown,  but  is  proba- 
bly  about  55  mm  ;  width,  40  mm  ;  height,  10  mm. 

Geological  horizon  :  This  species  occurs  in  the  nodules  of  stratum 
No.  13.  It  is  not  of  fréquent  occurrence,  as  only  a  few  spécimens 
were  obtained.  It  is  associated  with  Pinna  kingi,  Pleuromya  sub- 
compressa,  Belemnitea  densus,  Pseudomonotis  curta,  Astarte  pack- 
ardi,  Oaniomya  montanaensis,  etc. 

Locality  :  The  Freeze-out  Hills,  Wyoming. 

Kemarks:  As  no  complète  spécimens  of  this  form  were  found,  its 
détermination  is  somewhat  doubtful.  The  characters  of  the  beak  are 
somewhat  uncertain  in  the  spécimen  figured. 
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Tancredia  bulbosa  Whitf.    Plate  XXVIII,  figs.  11, 12. 

Shell  small,  triangular  in  gênerai  outline.  The  beaks  are  promi- 
nent, slightly  incurved,  subcentral,  and  project  slightly  beyond  the 
cardinal  Une.  The  anterior  portion  of  the  shell  is  marked  by  a  broad, 
shallow  dépression,  which  passes  transversely  across  that  portion  of 
the  shell,  expanding  gradually  as  it  approaches  the  dorsal  margin. 
The  dorsal  border  is  almost  straight,  but  is  rounded  at  the  extremities. 
The  posterior  and  the  anterior  bordera  are  both  somewhat  sharply 
rounded.  The  surface  of  the  cast  is  smooth,  but  exhibits  fine  con- 
centric  markings. 

Dimensions:   Length,  20  mm.;  width,  17  mm.;  height,  4  mm. 

Geological  horizon  :  The  arenaceous  nodules  of ,  stratum  No.  13 
contain  nu  mérous  représentatives  of  this  species.  Its  associâtes  are 
the  fossils  already  mentioned  for  that  stratum. 

Locality  :   The  Preeze-out  Hills,  Wyoming, 

Remarks  :  This  species  is  somewhat  abundant.  The  test  is  rarely 
found,  but  the  casts  are  numerous. 

Pinna  kingi  Meek.    Plate  XXIX,  figs.  3,  6. 

Shell  moderately  large,  expanding  rapidly  toward  the  posterior 
margin.  The  test  is  of  médium  thickness,  with  a  prismatic  structure, 
dark  colored  ;  the  pearly  layer  absent  in  the  spécimen.  The  dorsal 
border  is  slightly  concave  in  the  central  région,  but  convex  in  the 
posterior  région,  in  which  région  the  ventral  border  is  slightly  con- 
cave. The  posterior  margin  of  the  shell  is  rounded  and  that  portion 
of  the  shell  body  is  reflex.  The  surface  has  a  prominent  carina  ex- 
tending  from  the  beak  to  the  posterior  margin,  forming  an  angle, 
which  is  slightly  nearer  the  ventral  than  the  dorsal  border.  The  dor- 
sal side  of  the  angle  is  concave,  while  the  ventral  is  convex.  The 
surface  of  the  shell  is  omamented  by  longitudinally  radiating  striœ 
extending  in  Unes  parallel  with  the  borders,  also  by  curved  Unes  of 
growth,  which  arise  from  the  dorsal  border. 

Dimensions:  Length,  13  cm.;  width,  6  cm.;  height,  1  cm. 

Geological  horizon  :  Pinna  kingi  occurs  somewhat  abundantly  in 
No.  13  of  the  section.  It  is  found  with  Aatarte  packardi,  JBelemnites 
densus,  Pleuromya  compressa,  Goniomya  montanaensis,  etc. 

Remarks  :  The  above  may  be  the  same  species  as  Pinna  hreweri 
Gabb,  described  from  the  Chico  of  Califomia.  This  seems  to  be  its 
nearest  connection,  and  a  comparison  of  the  forma  will  be  necessary 
to  the  positive  identification  of  their  relationships. 

Pinna  sp.    Plate  XXIX,  figs.  1,  2. 
The  casts  of  several  smaller,  more  convex  individuals  were  discov- 
ered  associated  with  Pinna  kingi.    The  surface  omamentation  of  the 
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forme  seems  to  oonsist  whoUy  of  a  subcentral  canna  and  almost  par- 
allel,  slightly  radiating  lines  of  growth.  This  may  be  an  apparent 
variation  in  the  young  of  the  above-described  species  whioh  does  not 
find  expression  in  the  adolt  forme. 

Tancredia  tntigna,  n.  sp.    Plate  XXX,  fig.  1. 

Shell  large,  subovate  in  gênerai  outline.  The  beaks  are  promi- 
nent, inflated,  incurved,  and  project  a  short  distance  beyond  the 
cardinal  Une.  They  are  placed  posteriorly  with  regard  to  the  cardinal 
margin.  The  hinge  Une  is  straight  and  has  a  long  extension  anterior 
to  the  beaks.  The  dorsal  border  is  slightly  convex  and  rounds  into 
the  adjacent  bordera.  The  posterior  border  is  more  broadly  curved 
than  the  anterior.  The  anterior  portion  of  the  shell  is  crossed  by  a 
transverse  dépression,  which  originates  near  the  beak  and  gradually 
expande  toward  the  baeal  border.  The  dorsal  border  of  this  dépres- 
sion forms  a  rather  sharp  ridge,  which  is  more  pronounced  near  the 
beak.  The  surface  of  the  cast  is  marked  by  broad  bands  and  fine 
concentric  Unes  of  growth. 

Dimensions  :   Length,  45  mm.  ;  width,  38  mm.  ;  height,  10  mm. 

Geological  horizon  :  This  species  is  found  in  stratum  No.  13  of 
the  section,  where  it  is  associated  with  the  fossils  already  mentioned 
as  characterizing  that  horizon. 

LocaUty  :   The  Preeze-out  Hills,  Wyoming. 

Kemarks  :  This  shell  is  so  much  larger  than  T,  hulbosa  Whitf .,  and, 
as  there  appear  to  be  no  intermediate  forms,  I  think  it  must  consti- 
tute  a  new  species.     It  is  not  so  abundant  as  the  latter. 

Camptonectes  hellistriatun  Meek.    Plate  XXX,  figs.  7,  8. 

Shell  large,  circular  or  orbicular  in  outUne.  moderately  convex. 
The  hinge  Une  is  short  and  straight.  The  posterior  ear  is  about  one- 
half  the  size  of  the  anterior  ear.  The  beak  is  obtusely  angular.  The 
surface  of  the  shell  slopes  gradually  back  from  the  beak  and  attains 
its  maximum  convexity  at  about  one-third  the  distance  from  the  beak 
to  the  posterior  margin.  The  surface  of  the  shell  is  almost  smooth, 
but  possessing  scarcely  discernible  radiating  striae,  which  are  crossed 
by  several  moderately  strong  concentric  Unes  of  growth  and  finer  strise. 
The  left  valve  is  rather  more  convex  than  the  right.  The  anterior  ear 
of  the  right  valve  bears  a  deep  notch,  which  séparâtes  it  from  the  body 
of  the  shell. 

Dimensions:   Lenth,  50  mm.;  width,  40  mm.;  height,  8  mm. 

Geological  horizon  :  The  greenish-colored  sandstone  of  No.  14  of 
the  section  bears  numerous  représentatives  of  this  form.  It  is  asso- 
ciated with  Camptonectes  extenuatus. 

Remarks  :  The  fauna  of  the  hills  has  numerous  représentatives  of 
this  species.  It  is  also  weU  represented  in  many  other  localities  in 
the  interior. 
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Cardioceras  cordiforme  Meek.    Plate  XXVII,  fi^.  1-12. 

Shell  from  médium  to  large  size  ;  cross-section  of  outer  volution 
near  the  aperture  nearly  triangular;  the  dorsal  side  of  the  outer 
volution  sloping  gradually  to  a  rather  prominent  keel  in  the  shell,  but 
to  a  rounded  mar^in  in  the  cast.  The  ventral  side  of  the  volution 
passes  alroost  vertically  to  the  inner  volution,  and  in  old  individuals 
forms  a  reentrant  angle  with  the  inner  volution.  The  outer  volution 
of  the  shell  expands  rapidly  toward  the  aperture,  at  which  point  it 
equals  about  one-third  the  f uU  diameter  of  the  shell.  The  umbilicies 
equal  in  diameter  nearly  one-third  of  the  outer  volution.  The  surface 
of  the  shell  is  marked  by  transverse,  flexuous  cost»,  which  are  some- 
what  variable  in  prominence  and  are  frequently  bif urcated  at  one- 
fourth  the  distance  from  the  dorsal  to  the  umbilical  border.  The 
bif  urcated  costœ  are  separated  by  a  simple  costa,  which  fades  out  be- 
fore  reaching  the  umbilical  border,  The  costœ  form  a  sigmoidal  curve 
in  passing  from  the  dorsal  to  the  umbilical  border. 

The  septa  are  marked  on  but  few  of  the  sandstone  casts  ;  they  are 
somewhat  crowded.  The  dorsal  lobe  is  higher  than  wide,  and  has 
two  terminal  lobes,  each  omamented  with  numerous  smaller  digita- 
tions.  It  also  possesses  two  latéral  lobes  similarly  omamented  and 
foUowed  below  by  two  minor  lobes.  The  dorsal  saddie  is  somewhat 
narrower  than  the  dorsal  lobe,  and  is  pierced  at  the  terminus  by  a 
small  lobe,  and  laterly  by  the  latéral  branches  of  the  adjacent  lobes, 
which  form  for  it  one  terminal  and  five  latéral  branches.  The  first 
latéral  lobe  nearly  equals  in  length  the  dorsal  lobe  ;  it  is  omamented 
by  three  terminal  and  two  latéral  branches,  each  having  minor  digi- 
tations.  The  first  latéral  saddie  is  much  narrower  than  the  first 
latéral  lobe,  and  is  omamented  with  two  small  terminal  branches  and 
several  latéral  ones,  ail  of  which  are  unequally  digitate.  The  second 
latéral  lobe  is  a  little  more  than  half  the  size  of  the  first,  and  fias  two 
terminal  digitate  branches  and  two  smaller  latéral  ones.  The  re- 
mainder  of  the  septum  is  not  présent  in  a  determinable  condition  in 
any  of  the  spécimens  coUected. 

Dimensions  :  Diameter  of  a  médium  spécimen,  80  mm  ;  diameter 
of  an  outer  volution,  35  mm. 

Geological  horizon  :  Species  occurs  in  moderate  abundance  in  the 
clay  and  arenaceous  nodules  of  No.  13  of  the  section.  It  is  associated 
with  Aatarte  packardi,  Belemnites  densus,  Pinna  kingi,  etc. 

Locality  :  Freeze-out  Hills,  Wyoming,  and  Black  Hills,  Dakota. 

Remarks  :  This  species  seems  to  be  closely  related  to  the  northem 
European  species  Cardioceras  {Quenstedioceras)  laniberti^  which 
is  described  from  Russia. 
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Camptonecte»  extenuatus  Meek  and  Hayden.    , 

Shell  médium  size,  ovate  or  suboval  in  outline.  The  hinge  liue  is 
straight,  equaling  in  eztent  nearly  one-half  the  length  of  the  shell. 
The  ears  are  large  and  triangular  ;  the  margins  of  the  posterior  one 
slopes  abruptly  backward  to  the  body  of  the  shell.  The  beaks  are 
smcdl,  not  projecting  above  the  hinge  Une,  and  somewhat  sharply 
roonded.  The  surface  of  the  shell  is  marked  by  fine  radiating  strise, 
whioh  diverge  from  the  médian  line  and  converge  toward  the  latéral 
border;  also  by  concentric  striœ,  which  cross  the  former  at  right 
angles. 

Dimensions:  Length,  30  mm.;  width,  22  mm.;  height,  8  mm. 

Geological  horizon  :  Thèse  fossils  occur  in  the  greenish-colored 
sandstone  of  No.  14  of  the  section. 

Locality:  The  Preeze-out  Hills,  Wyoming;  also  reported  from 
Dakota. 

Remarks  :  C.  curvatus^  described  by  Whiteaves  from  the  Jurassio 
fauna  of  the  Queen  Charlotte  islands,  is  probably  a  synonym  of 
C,  extenuatua.  The  foUowing  forms  are  recognized  in  both  faunas  : 
JBelemnites  densus,  B,  curtus,  Astarte  packardi,  Pleuromya  suh- 
compressa,  Avicula  (  Oxytoma)  inucronata,  Gryphœa  nehrascaensiSy 
and  Camptonectes  extenuatus, 

Cardinia  tvyomingensis,  n.  sp.    Plate  XXV,  fîg.  8. 

Shell  large,  convex,  subquadangular,  length  more  than  twice  the 
width.  The  hinge  line  is  long  and  straîght.  The  posterior  border 
forms  an  acute  angle  with  the  ventral  border,  which  is  long  and 
straight.  The  anterior  border  is  rounded.  The  contour  of  the  shell 
forms  a  rounded  escarpment,  which  extends  from  the  umbonal  région 
to  the  posterio-ventral  border  angle.  The  test  of  the  shell  is  thick. 
The  surface  is  omamented  with  prominent  concentric  Unes  of  growth- 

Dimensions:   Length,  90  mm.;  width,  35  mm.;  height,  8  mm. 

Geological  horizon  :  A  few  représentatives  of  this  form  were  found 
in  stratum  No.  13,  in  which  they  were  not  abundant.  They  occur 
with  the  fossils  already  mentioned  as  belonging  to  that  horizon. 

Locality  :   The  Freeze-out  Hills,  Wyoming. 

Remarks:  This  is  a  rare  form  in  the  Jurassic  fauna,  as  very  few 
spécimens  were  collected.  The  genus  seems  well  represented  in  the 
European  fauna  of  the  Jura. 

Tnetidomonotis  curtn  Hall.    Plate  XXX,  fîg.  5. 

Shell  (left  valve)  of  médium  size,  obliquely  suborbicular,  unequi- 
valve,  convex.  The  beaks  are  obtusely  pointed  and  prominent,  ex- 
tending  above  the  cardinal  line,  and  having  the  apex  slightly  incurved. 
The  hinge  line  scarcely  equals  half  the  length  of  the  shell.     The  an- 
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terior  win^  is  small,  and  rounded  toward  the  beak.  The  sarface  is 
bent  toward  the  opposite  valve  so  as  to  leave  a  small  opening  between 
the  valves  near  the  anterior  margin.  The  posterior  wiag  is  larger, 
and  the  surface  is  flat  near  the  anterior  margin.  The  surface  of  the 
shell  is  ornamented  with  fine  radiating  plications,  which  are  crossed 
by  concentric  striœ,  producing  small  nodes  at  the  points  of  intersec- 
tion. Thèse  nodes  are  prominent  near  the  basai  margin  in  most 
spécimens,  but  rarely  occur  in  the  région  of  greatest  convexity,  which 
is  nearly  always  smooth.  The  surface  markings  are  not  so  conspicu- 
ous  on  the  right  valve.  The  anterior  wing  of  this  valve  is  separated 
from  the  body  of  the  shell  by  a  very  narrow  slit  or  groove. 

Greological  horizon  :  This  species  occnrs  in  the  sandstone  of  No. 
10,  and  also  in  the  nodules  of  No.  13.  In  the  first  stratum  it  has  no 
associâtes.  In  the  latter,  it  has  associa ted  with  it  the  fossils  already 
enumerated  from  that  horizon. 

Locality  :  The  Preeze-out  Hills,  and  Como  Blu£Fs,  Wyoming  ;  also 
occurs  in  Black  Hills. 

Remarks:  This  fossil  marks  the  lowest  limit  of  the  fossiliferous 
belt  of  the  Jura-Trias  rocks  of  this  région.  It  occurs  in  a  thin  stratum 
of  limestone  intercalated  between  beds  of  shale.  Below  the  limestone 
stratum  appear  the  characteristic  Red  Beds  of  the  Permo-Trias. 
Above  are  the  fossiliferous  beds  of  the  Jura. 

PhoUidomya  robtutta^  n.  sp.    Plate  XXVI,  figs.  5,  6. 

Shell  convex,  elongate-oblong  in  gênerai  outline.  The  posterior 
umbonal  région  is  the  area  of  greatest  convexity.  The  cardinal  line 
is  long  and  moderately  straight.  The  beaks  project  a  little  beyond 
the  cardinal  line  and  are  slightly  incurved.  The  dorsal  border  is 
broadly  convex.  The  posterior  and  the  anterior  margins  are  more 
abruptly  rounded. 

The  surface  of  the  shell  is  ornamented  by  several  costœ,  radiating 
from  the  beaks  and  curving  posteriorly  as  they  pass  to  the  dorsal  bor- 
der.    The  costœ  are  crossed  by  prominent  concentric  undulations. 

Dimensions:   Length,  26  mm.;  width,  20  mm.;  height,  8  mm. 

Geological  horizon  :  The  species  occurs  in  the  abundantly  fossilif- 
erous stratum,  No.  13  of  the  section.  It  is  associated  with  Pinna 
kingi,  BeUmnites  densus,  Tancredia  inagna,  Astarte  packardi, 
Pleuromya  compressa^  etc. 

Locality  :   The  Freeze-out  Hills,  Wyoming. 

Remarks  :  The  above-described  species  dififers  from  Pholodomya 
kingi,  described  by  White,  in  the  matter  of  size  and  surface  oma- 
mentation.  It  does  not  appear  to  hâve  any  very  close  European 
affiliations. 
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Avieula  beedei,  n.  sp.    Plate  XXVIII,  fig.  10. 

Shell  convex,  médium  in  size,  arcuate-oblong  in  gênerai  outline, 
greatest  convexity  in  the  anterior  région.  The  hinge  line  is  short  and 
straight.  The  beaks  are  small,  somewhat  pointed  and  turned  toward 
the  dorsal  border,  so  that  the  line  of  greatest  arch  of  the  shell  is  a 
sigmodial  curve.  The  anterîo-dorsal  border  of  the  shell  is  extended 
into  a  moderately  large  wing,  which  has  its  margin  rounded  and  curves 
slightly  toward  the  beak  anteriorly;  the  posterior  border  a  some- 
what abrupt  curve.  The  ventral  and  dorsal  borders  are  convex,  the 
ventral  border  having  the  greatest  convexity.  The  surface  of  thè 
shell  is  omamented  by  obscure  radiating  Unes  and  more  pronounced 
concentric  lines  of  growth. 

Dimensions:  Length,  30  mm.;  width,  12  mm.;  height,  6  mm. 

Geological  horizon  :  No.  13  of  the  section  furnished  a  few  spéci- 
mens of  this  form.  The  species  occurs  with  Belemnites  densus, 
Plnna  kingi,  Pleuromya  subcompressa,  Tancredia  magna,  etc. 

Locality  :  The  Freeze-out  Hills,  Wyoming. 

Remarks:  This  spécimen,  the  type,  was  coUected  by  Dr.  J.  W. 
Beede,  in  whose  honor  it  has  been  named.  It  is  not  a  common  form 
in  the  Jurassic  fauna  of  this  locality. 

Astarte  packardi  White.    Plate  XXVII,  figs.  13,  U. 

Shell  médium  in  size,  convex,  subcircular  in  gênerai  outline.  The 
beaks  are  small,  subcentrally  placed,  and  prominent.  The  anterior 
margin  is  short  and  slightly  convex.  The  posterior  margin  forms  a 
broad  subelliptical  curve.  The  hinge  line  is  short  and  omamented 
with  two  transverse  cardinal  teeth,  the  anterior  of  which  is  the  larger. 
The  latéral  teeth  are  liot  présent.  The  surface  of  the  shell  is  marked 
by  numerous  regular  concentric  undulations,  the  intermediate  spaces 
being  occupied  by  minute  concentric  strise.  The  casts  of  the  shell 
exhibit  at  the  margin  a  row  of  dépressions  which  correspond  to  min- 
ute projections  on  the  shell  border.  Test  of  the  shell  moderately 
thick. 

Dimensions  :   Length,  20  mm.  ;  width,  17  mm.  ;  height,  8  mm. 

Greological  horizon  :  This  species  is  very  abundant  in  the  arena- 
ceous  nodules  of  No.  13  of  the  section,  where  it  is  associated  with 
Pinna  kingi,  Pleuromya  compressa,  G oniomy a  montanaensis,  Belem- 
nites densus,  etc. 

Locality  :  Preeze-out  Hills,  Wyoming  ;  also  from  Lake  Como,  Wy- 
oming, from  which  place  it  was  first  described  by  White. 

Remarks:  Next  to  Belemnites  densus  this  species  is  the  most 
abundant  species  in  stratum  No.  13.  The  shells  are  in  a  good  state 
of  préservation,  as  they  hâve  been  crystallized  for  the  most  part  into 
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caloite  during  the  process  of  fossilization.  The  species  seems  very 
closely  allied  to  the  northern  Earopean  form,  Astarte  duboisiana 
d'Orb. 

Goniomya  niontanaensis  Meek.    Plate  XXVI,  fig.  1. 

Shell  oblong-arcuate  in  gênerai  outline,  convexity  regular;  hinge 
Une  long,  nearly  straight,  extending  from  the  beak  poeteriorly  by 
nearly  its  fuU  length.  The  beaks  are  prominent  and  raised  above  the 
cardinal  Une.  The  dorsal  border  is  broadly  rounded.  The  posterior 
margin  forma  an  obtuse  angle,  with  its  apex  near  the  médian  line  of 
the  border  ;  the  ainterior  margin  is  rounded.  The  umbonal  région  of 
the  shell  is  but  slightly  convex,  nearly  flat.  The  surface  of  the  shell 
extending  from  the  beak  to  the  middle  of  the  posterior  margin  forms 
a  rather  prominently  curved  arch.  The  surface  omamentation  con- 
sists  of  prominent,  rounded  ridges,  which  in  passing  back  from  the 
beak  forra  in  the  umbonal  région  quadrangular  figures;  then  for 
about  one-third  the  distance  down  the  dorsal  slopes  the  quadrangular 
figures  are  succeeded  by  triangular  ones  which  hâve  an  acute  angle 
on  the  dorsal  slope.  Thèse  in  turn  are  replaced  by  figures  with  the 
dorsal  angle  growing  more  and  more  obtuse,  until  near  the  dorsal 
border  the  figures  become  almost  elliptical  in  form.  The  surface  is 
also  marked  by  finer  concentric  lines  of  growth. 

Dimensions:   Length,  50  mm.;  width,  23  mm.;  height,  8  mm. 

Geological  horizon  :  The  species  occurs  in  the  arenaceous  nodules 
of  No.  13  of  the  section,  where  it  is  associated  with  Belemnites  densus^ 
Astarte  paokardi,  Pinna  kingi,  Pseudomonotis  curta,  Pleuromya 
aubcompressa,  etc.  It  is  also  reported,  as  stated  below,  from  the 
Yellowstone  canon,  Montana. 

Remarks:  The  typ^  spécimen  of  this  species  was  described  by 
Meek  in  the  United  States  Geological  Reports  for  1872.  Its  déter- 
mination was  based  upon  an  imperfect  spécimen,  and  from  the  figure 
and  description  it  is  diflScult  to  say  whether  or  not  the  Wyoming 
species  is  the  same.     It  is  placed  hère,  however,  provisionally. 

The  species  is  also  very  closely  allied  to  the  European  species, 
Goniomya  ornati  Quenst.,  described  from  the  Jurassic  fauna  of  Russia 
and  the  Ural  mountains.  So  close  is  its  connection  that  it  may  be 
merely  a  variety  of  the  European  species. 

Goniotnya  sp.    Plate  XXVI,  fig.  2. 

The  cast  of  a  shell  which  appears  to  belong  to  a  différent  species 
was  found  associated  with  Goniomya  montanaensis.  It  appears  from 
the  cast  that  it  is  a  much  narrower  and  proportionally  longer  shell 
than  the  latter.  The  surface  markings  and  other  characteristics  prés- 
ent are  analogous  to  those  of  the  above-named  species. 
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Otftrea  densa,  n.  sp.    Plate  XXVIII,  fig.  7. 

Shell  ( left  valve)  very  large,  subquadrate,  test  very  thick.  The  beak 
is  (runcated  and  possesses  a  large  quadrangular  area  which  is  not  de- 
pressed.  The  anterior  margin  is  straight  while  the  dorsal  and  the 
ventral  borders  are  convex.  The  posterior  margin  is  unknown.  The 
valve  is  moderately  capacious.  The  exterior  surface  is  smooth  and 
nearly  flat.  The  ventral  border  has  about  one-half  the  thickness  of 
the  dorsal,  which  is  very  thick. 

Dimensions  :  The  fuU  length  of  the  shell  is  unknown.  The  width 
exhibited  by  the  largest  fragment  is  65  mm.  ;  the  thickness  of  the 
test,  10  mm. 

Greological  horizon  :  This  species  is  f  ound  in  stratum  No.  14,  where 
it  is  associated  with  Ostrea  atngilecula  and  Peiitacrinua  astericus, 

Locality  :   The  Preeze-out  Hills,  Wyomîng. 

Re marks:  This  species  is  not  abundant  and  no  complète  spéci- 
mens were  found.     Several  fragments  were  observed,  however. 

Ostrea  eotnoentiitt,  n.  sp.    Plate  XXVIII,  fig.  9. 

Shell  (left  valve)  small,  capacious  for  size  of  shell,  convex;  test 
thick;  the  anterior  margin  acute;  the  posterior  margin  somewhat 
wavy,  irregular  ;  ventral  border  concave  ;  dorsal  border  convex,  wavy. 
The  interior  of  the  shell  is  smooth.  The  muscular  impression  is 
large  and  projects  above  the  surface  of  the  shell.  The  ligmental' 
area  is  quadrangular.    The  exterior  of  the  shell  is  lamellose. 

Dimensions:   Length,  40  mm.;  width,  21  mm.;  height,  3  mm. 

Geological  horizon  :  This  species  also  occurs  in  the  îower  part  of 
stratum  No.  14,  where  it  is  associated  with  the  above-named  species 

Locality  :   The  Freeze-out  Hills,  Wyoming. 

Remarks:  Associated  with  the  above  ns  the  fragment  shown  in 
Plate  IV,  fig.  18.  This  fragment  evidently  belongs  to  a  new  species, 
but  as  the  essential  parts  are  wanting  its  form  and  description  can- 
not  be  given. 

Belemnites  tlensus  Meek.     Plate  XXVI,  fig.  9. 

Guard  médium  in  size,  conical  in  gênerai  outline,  although  the  proxi- 
mal  end  may  be  nearly  straight.  The  distal  portion  tapers  gradually  to 
a  point.  In  cross-section  the  guard  is  from  oval  to  subcircular.  The 
guard  substance  is  thick  and  bears  a  distinct  prismatic  structure,  which 
radiâtes  in  sharp  but  divergent  rays  from  a  line  coïncident  with  the 
center  of  the  phragmacone  and  subcentrally  placed.  A  cross-section 
of  the  guard  shows  fine  concentric  Unes  of  growth.  The  phragmacon« 
in  varying  length  expands  from  below  upward  and  is  slightly  curved. 
The  shell  substance  becomes  thinner  toward  the  proximal  end.  The 
surface  of  the  guard  is  sometimes  punctate  but  is  usually  smooth. 
The  guard  is  composed  of  prismatic  layers,  which  are  separated  in 
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transverse  section  by  thin,  closely  arranged  septa,  which  become  more 
widely  separated  with  increased  distance  from  the  phragmacone.  The 
apex  of  the  cone-shaped  alveolar  cavity  is  subcentrally  located  in  the 
adult  forms  but  is  central  in  young  individuals.  The  species  varies 
much  in  size  but  retains  the  same  gênerai  form. 

Dimensions:  Length  of  spécimen,  140  mm.;  length  of  phragma- 
cone, 50  mm.;  diameter,  20  mm. 

(Jeological  horizon  :  This  species  occurs  in  great  abundance  in  No. 
13  of  the  section.  It  is  found  associated  with  Pleuromya  aubcoin- 
pressa,  Astarte packardi,  Pinna  kingi,  Ooniomya  montanaensis,  etc. 

Locality  :  Freeze-out  Hills,  Wyoming.  Black  Hills,  Dakota,  and 
elsewhere. 

Remarks  :  This  is  by  far  the  most  abundant  species  in  the  Jura  of 
Wyoming.  In  certain  outcrops  in  the  Freeze-out  Hills  the  slopes  of 
the  hills  are  so  completely  dotted  with  them  as  to  leave  scarcely  a  sin- 
gle square  foot  without  one  or  more  représentatives.  From  thèse  out- 
crops it  is  possible  to  gather  bushels  of  them.  Their  persistence  in 
the  stratum  in  which  they  occur  make  it  a  good  guide  in  the  study  of 
the  stratigraphy.  JS.  skidgatensis  is  undoubtedly  a  synonym  of  B, 
densuSf  as  ail  of  the  forms  figured  by  Meek  hâve  the  same  form  as 
Whiteaves's  species. 

Belenmites  ctirtUH^  n.  sp.    Plate  XXIX,  figs.  4,  5;  plate  II,  fig.  3. 

Guard  large  size,  thick,  abruptly  pointed,  subquadrangular  at  the 
distal  end,  while  it  is  more  cylindrical  toward  the  proximal  portion. 
The  point  of  the  guard  is  extremely  blunt.  The  guard  substance  is 
dense,  dark  colored,  and  of  prismatio  structure. 

Dimensions:  Length,  120  mm.;  diaraeter,  30  mm. 

Geological  horizon:  No.  13  of  the  section  has  furnished  a  few 
spécimens  of  this  species. 

Locality  :  The  Freeze-out  Hills,  of  Wyoming. 

Remarks  :  Such  a  radical  différence  in  gênerai  form  seems  to  ex- 
clude  the  possibility  of  this  form  belonging  to,  Belemnltes  densuSj 
while  its  symmetry  would  indicate  that  ils  différence  of  form  was  not 
duq  to  an  accident  of  growth. 

This  form  was  never  figured  by  Meek  under  the  name  B.  densus, 
but  the  form  so  described  is  longer  and  more  slender.  The  latter  I 
take  to  be  the  same  as  B.  skidgatensis  Whiteaves.  This  is  one  of  the 
species  which  link  the  Jura  of  Wyoming  with  that  of  Queen  Charlotte 
islands. 

Asterias  dubiiim  Whitfîeld.    Plate  XXV,  fig.  3. 

A  single  imperfect  spécimen  coUected  from  the  crinoidal  sandstone 
horizon  possesses  characters  very  similar  to  those  of  the  above-i\amed 
species.    The  spécimen  is  somewhat  weathered,  and,  as  a  resuit,  its 
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spécifie  characters  are  difficult  to  détermine.  The  arms  are  a  fraction 
over  an  inch  in  length,  and  are  elevated  along  the  central  portion. 
They  are  composed  of  sinall  plates  arranged  longitudinally.  The 
center  of  the  body  is  marked  by  a  dépression  which  appears  to 
be  almost  circular,  although  the  margin  is  not  entire,  being  more 
or  less  obliterated  by  weathering.  In  gênerai  shape  the  upper  sur- 
face of  the  rays  are  subangular.  The  rays  are  not  so  curved  as  those^ 
in  the  spécimen  described  by  Whitfield*;  it  may  be  that  the  first  is 
an  older  individual. 

Geological  horizon  :  The  species  occurs  in  a  thin  stratum  of  sand- 
stone  in  the  bluish  shale  of  No.  15  of  the  section.  It  is  found  asso- 
ciated  with  Pentacrinua  aster icus,  Belemnitea  densus,  etc.  The 
sandstone  in  which  it  occurs  is  fine-grained.  laminated  stone,  which  is. 
free  from  impurities  and  varies  much  in  degree  of  induration. 

Locality:  Freeze-out  Hills,  Wyoming;  also  reported  from  the 
Black  Hills. 

Remarks  :  The  above  species  is  not  abundant  in  the  Jurassic  strata 
of  the  interior,  as  so  far  it  has  been  reported  only  from  the  Jura  of 
Wyoming.  Thèse  forms,  however,  are  not  easily  preserved,  and  the 
depositional  conditions  of  the  shallow  Jurassic  sea  were  never  very 
favorable  to  their  préservation. 

At^ivïiUi  mncvonotn»  Meek.    Plate  XXX,  fig.  6. 

Shell  médium  in  size,  arcuate,  omamented  with  two  wings,  the  pos- 
terior  one  of  which  is  much  larger  than  the  anterior  one.  The  pos- 
terior  wing  bears  a  broad,  shallow  sinus,  while  the  anterior  wing  is 
small  and  somewhat  rounded.  The  hinge  line  is  moderately  long. 
The  surface  of  the  shell  is  omamented  with  strong  radiating  plica- 
tions  or  ribs,  which  are  crossed  by  well  marked  lin  es  of  growth. 
Thèse  form,  at  the  points  of  intersection,  nodes  which  are  prominent 
on  the  lower  part  of  the  shell  but  scarcely  visible  in  the  umbonal  ré- 
gion. The  umbonal  région  is  the  area  of  greatest  convexity.  The 
anterior  margin  of  the  shell  projects  slightly  in  the  upper  part  so  as 
to  leave  a  faint  siniïs  below  the  anterior  wing.  It  curves  obliquely 
backward  to  the  basai  border  below,  with  which  it  forms  an  almost 
regular  curve  extending  nearly  to  the  posterior  basai  extremity.  The 
last-named  portion  of  the  shell  is  also  rounded.  The  beak  is  sharply 
pointed,  shows  a  tendency  to  incurve,  and  is  elevated  above  the  car- 
dinal  line. 

Dimensions:   Length,  20  mm.;  width,  12  mm.;  height,  5  mm. 

Geological  horizon:  This  species  occurs  in  the  thin  sandstone 
stratum  of  No.  15  of  the  section.  It  is  found  associated  with  Asteriaa 
dubium,  Pentacrinus  astericus,  and  Belemnites  densus, 
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Looality:  Preeze-out  Hills,  Wyonjiag;  also  reported  from  the 
Black  Hills. 

Remarks:  The  form  above  described  resembles  very  closely  the 
nortbem  European  species,  Avicnla  tenuicostata,  bat  not  the  species 
Avicula  munateri,  as  euggested  by  Meek.* 

The  Atlanfn»auruH  Fauna, 

Aside  from  the  huge  reptilian  remains  for  which  the  Atlantasaarus 
Beds  are  justly  celebrated,  it  contains  an  interesting,  although  not 
abundant,  invertebrate  fauna.  The  forms  represented  are  ail  well- 
known  fresh-water  types.  Among  them  are  species  of  MoUusca  be- 
longing  to  the  gênera  Unio  and  Cyprena,  and  gastropods  belonging 
to  the  gênera  Valvata,  Lioplacodes,  and  Viviparus.  Thèse  inverte- 
brates  hâve  been  found  in  the  Black  Hills,  in  the  Freeze-out  Hills, 
and  in  the  Atlantasaurus  Beds  of  southern  Colorado. 

The  Potomao  formation  of  the  Atlantic  coast,  which  was  deposited 
under  like  conditions  and  has  like  lithological  characteristics,  also 
contains  a  similar  fauna.  The  habitat  of  the  Potomac  fauna,  how- 
ever,  were  probably  waters  of  a  brackish  nature. 

The  Wealden  formation  of  England  contains  the  greater  part  of 
the  gênera  which  occur  in  the  Atlantasaurus  Beds,  and  is  doubtless 
of  the  same  âge.  The  two  formations  hâve  similar  lithological  char- 
acters,  and  four  of  the  gênera  —  Unio,  Valvata,  Planorbis,  and  Vivip- 
aru8  —  which  are  represented  in  the  two  formations  by  species  having 
practically  the  same  degree  of  development,  are  not  known  from  older 
formations. 

Lioplacodes  refern  us  Meek.    Plate  XXXI,  fig.  5. 

Shell  small,  planorbicular,  composed  of  three  or  four  whorls  lying 
in  the  same  plane.  The  volulions  are  rounded,  and  increase  rapidly 
in  size.  The  position  of  the  decreasing  volutions  form  concavities  oh 
each  side  of  the  shell,  the  most  prominent  one  being  on  the  left  side. 
The  surface  of  the  shell  is  smooth  and  the  aperture  is  nearly  circular, 
apparently,  although  the  spécimen  is  somewhat  crushed. 

Dimensions:  Diameter,  maximum,  8  mm.;  diameter  of  outer 
wborl,  3  mm. 

Geological  horizon  :  No.  22  of  the  section  f  urnished  a  number  of 
thèse  forms,  while  a  few  were  coUected  from  the  clay  of  No.  21. 

Locality:  The  Preeze-out  Hills,  Wyoming;  also  the  Black  Hills, 
Dakota. 

Kemarks  :  This  spécimen  is  mucli  larger  than  that  described  by 
Meek,  but  as  there  appears  to  be  no  other  essential  différence  it  is 
probable  that  the  latter  is  only  a  young  individual. 

This  genus  was  first  recognized  in  the  Wealden  of  England,  and 
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lias  not  been  recognized  in  any  older  formations.  It  occurs  hère  in 
apparently  the  same  degree  of  development,  and  bas  not  been  recog- 
nized in  any  older  rocks  on  this  continent. 

Vnêo  wilUstoni,  n.  sp.    Plate  XXXI,  fîg.  10. 

Shell  médium  size,  broadly  subelliptical  but  only  slightly  convex. 
The  ventral  border  of  the  shell  is  nearly  straight  while  the  dorsal 
border  is  moderately  convex.  The  posterior  margin  is  sharply 
rounded;  the  anterior  margin  is  subtriangular.  The  test  is  thick. 
The  surface  of  the  shell  is  ornamented  by  prominent  concentric  Unes 
of  growth.  The  convexity  of  the  surface  isslight  and  has  its  greatest 
prominence  in  the  umbonal  région.  The  ventral  slope  is  short  and 
abrupt  while  the  dorsal  slope  is  long. 

Dimensions:  Length,  50  mm.;  width,  30  mm.;  convexity,  5  mm. 

.Geological  horizon  :  This  species  occurs  in  No.  22,  associated  with 
other  non-marine  forms. 

Locality  :  The  Freeze-out  Hills,  of  Wyoming. 

Remarks  :  The  type  spécimen  is  a  cast  of  a  large  individual,  which 
is  the  largest  sj^ecimen  coUected. 

The  genus  Unio  was  first  recognized  in  the  Wealden  of  England, 
where  it  occurs  in  about  the  same  degree  of  development  as  in  the 
Atlantasaurus  Beds.  The  appearance  in  thèse  two  formations  of  four 
gênera,  occurring  for  the  first  time  and  in  practically  the  same  degree 
of  development,  furnishes  a  strong  argument  in  favor  of  their  corréla- 
tion. 

Valvata  leei,  n.  sp.    Plate  XXXI,  figs.  1,  2,  3. 

Shell  small,  composed  of  three  volutidns,  which  increase  rapidly  in 
size.  The  spire  is  depressed  so  that  it  does  not  equal  more  than  one- 
half  the  body  whorl  at  the  aperture.  The  test  is  very  thin.  The 
volutions  are  subangular  around  the  upper  outer  side,  and  flattened 
horizontally  between  the  angle  and  the  suture;  ventricose  on  the 
outer  and  under  sides.  The  suture  Une  occupies  a  well-marked  de- 
pression.  The  aperture  is  oval  in  shape.  The  surface  is  ornamented 
by  prominent  Unes  of  growth. 

Dimensions:  Diameter  through  aperture,  13  mm.;  diameter  ex- 
clusive of  outer  whorl,  4  mm.;  height  of  spire,  less  than  3  mm.; 
height  of  outer  whorl  at  aperture,  4  mm. 

Geological  horizon  :  No.  22  of  the  section,  where  it  is  associated 
with  species  of  Unio  and  Lioplacodes, 

Locality  :   The  Freeze-out  Hills,  Wyoming. 

Kemarks  :  The  type  spécimen  was  coUected  from  the  above  stratum 
by  Mr.  W.  T.  Lee,  in  whose  honor  it  is  named.  It  is  not  as  large  â 
shell  as  Valvata  scribda,  described  by  Meek,  from  Dakota,  but  it 
différa  more  essentially  in  the  character  of  its  spire,  which  is  much 
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more  elevated  in  Meek's  spécimen.    In  respect  to  other  characters 
the  forms  are  closely  analogous. 

Unio  ktiighti,  n.  sp.    Plate  XXXI,  figs.  7,  9. 

Shell  small,  long,  narrow,  very  convex.  The  hinge  line  is  long  and 
straight.  The  dorsal  border  is  nearly  straight  and  the  dorsal  slope 
very  abrupt.  The  ventral  border  is  slightly  convex  and  the  slope  not 
so  abrupt  as  the  dorsal.  The  posterior  margin  is  sharply  rounded. 
The  beaks  are  unknown.  The  shell  surface  slopes  gradually  from  the 
area  of  greatest  convexity  to  the  posterior  margin  and  more  abniptly 
toward  the  anterior  margin.  The  surface  of  the  shell  is  ornamented 
by  regularly  arranged  conoentric  Unes  of  growth. 

Dimensions:   Length,  40  mm.;  width,  12  mm.;  convexity,  12  mm. 

Geological  horizon  :  This  form  occurs  in  No.  22  of  the  section, 
where  it  is  associated  with  l7nio  loillistoni,  Valvata  leei,  LIoplacoJes 
veternus,  etc. 

Locality  :  The  Freeze-out  Hills,  Wyoming  ;  also  Black  Hiils,  Da- 
kota. 

Remarks:  This  form  was  coUected  from  the  non-marine  Jura  in 
the  above-named  horizon,  and  has  been  named  in  houor  of  Prof .Wilbur 
C.  Knight,  who  in  company  with  Prof.  E.  H.  Barbour  first  discovered 
this  fossil-bearing  stratum. 

Unio  batlef/i,  n.  sp.    Plate  XXXI,  figs.  4,  6,  8,  11. 

Shell  médium  size,  convex,  elliptical  in  gênerai  outline.  The  hinge 
line  is  straight  and  of  moderate  length.  The  beaks  are  slightly  incurved 
and  the  umbonal  région  is  somewhat  flattened.  The  dorsal  border  is 
convex,  as  is  also  the  ventral.'  The  posterior  and  the  anterior  borders 
are  nearly  equally  curved.  The  test  is  thick.  The  ventral  slope  is 
abruptly  rounded  while  the  dorsal  is  more  broadly  convex.  The  sur- 
face omamentation  consists  of  well-marked  lines  of  growth  concen- 
trically  arranged. 

Dimensions:   Length,  32  ram.;  width,  23  mm.;  convexity,  7  mm. 

Geological  horizon:  This  species  was  coUected  from  the  fossil- 
bearing  stratum,  No.  22  of  the  section,  in  which  it  occurs  associated 
with  other  non»marine  forms  already  mentioned. 

Locality  :   The  Freeze-out  Hills,  of  Wyoming. 

Kemarks  :  A  coraparison  of  the  Unios  hère  described  with  those 
from  the  Wealden  of  England  will  be  especially  interesting.  The 
Unios  from  the  two  formations  hâve  practically  the  same  degree  of 
development  and  are  not  known  from  any  older  rocks  on  either  conti- 
nent. 
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INTRODUCTION. 

npHE  material  fox  this  paper  was  coUected  in  the  summer  of  1899, 
-^  in  Russell  county,  Kansas,  together  with  testes  from  about  thirty- 
five  other  ^ecies  of  Acrididœ,  for  the  purpose  of  making  a  study  of 
the  spermatocyte  divisions.  However,  before  the  material  was  pré- 
parée!, McClung's  paper  on  "The  Spermatocyte  Divisions  of  the 
Acrididœ"  appeared,  and  as,  on  examination  of  my  material,  I  found 
his  observations  and  conclusions  to  be  generally  true,  I  decided  to  leave 
that  subject  for  a  comparative  study  in  a  later  paper,  and  to  restriot 
this  publication  to  the  spermatogonial  divisions  (with  spécial  atten- 
tion to  the  ohromatic  éléments) — a  field  which  seems  to  hâve  been 
very  generally  negleoted,  and  for  which  Brnchystola  is  especially 
favorable. 

I  hâve  been  fortunate  enough  to  find  in  this  material  two  struc- 
tures or  conditions  which,  so  far  as  I  know,  hâve  never  before  been 
described  in  germ-cells.  One  of  thèse  is  the  présence,  in  a  certain 
stage,  of  a  distinct  membrane  around  each  chromosome  and  the  ab- 
sence of  any  gênerai  nuclear  membrane  (figs.  12,  13,  14,  30,  31,  32,  A, 
and  G),  and  the  other  a  vesicular  arrangement  of  the  chromatin  in 
one  of  the  chromosomes.  (  Figs.  31, 33, 34, 35,  F,  and  J.  )  Bravhystola 
has  also  shown  itself  a  favorable  object  for  the  solution  of  the  problem 
of  the  origin  of  the  spermatocysts. 

I  wish  to  express  hère  my  gratitude  to  Prof.  C.  E.  McClung,  for 
many  valuable  suggestions  and  for  other  assistance  in  the  prosecu- 
tion  of  this  work,  and  in  the  making  of  the  photomicrographs  given 
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herewith.  My  thanks  are  also  due  to  Prof.  S.  J.  Hanter,  for  assist- 
ance in  the  détermination  of  the  insects  from  which  the  material  was 
taken. 

MATERIAL. 

Brachystola  ma^fna,  commonly  known  as  the  "lubber  grasshopper 
of  thé  plains,"  is  one  of  the  largest  known  species  of  locust.  It  is 
clumsy  and  ungainly.  having  powerfully  developed  legs  and  the  most 
rudimentary  wings. 

In  distribution,  the  insect  is  gênerai — though  more  or  less  rare — 
over  ail  the  western  plains.  The  adults  put  in  their  appearance  about 
the  fîrst  of  July,  and  at  this  time  the  testes  are  found  to  contain 
spermatogonia,  spermatocytes,  spermatids,  and  spermatozoa,  in  order, 
from  the  blind  ends  of  the  foUicles  to  the  vas  deferens. 

The  testis  is  unpaired.  The  follicles,  of  which  there  is  a  large 
number,  are  comparatively  short  and  thick,  and  do  not  lie  approxi- 
mately  parallel  to  one  another  and  to  the  long  axis  of  the  animal,  as 
is  the  case  in  many  other  AcrididjB,  but  project  upward  and  back- 
ward  from  the  rhacis  to  which  they  are  attached,  and  diverge  strongly 
from  one  another. 

The  young  testis  is  smaller  than  the  mature  one  (which  attains  the 
size  of  a  large  pea),  is  pure  white  in  color,  and  of  a  firm  consistency. 
In  the  older  organs  the  white  color  gives  way  to  a  reddish  yellow, 
and  the  testis  becomes  soft. 

The  proximal  portion  of  each  foUicle,  as  it  is  evacuated  of  sx3erma- 
tozoa,  becomes  constricted,  and  thus  the  foUicle  loses  its  earlier 
cylindrical  form. 

Of  the  origin  of  the  acridian  testis  nothing  has  been  written,  and, 
as  my  material  was  too  old  for  a  thorough  study  of  the  subject,  I  will 
leave  the  question  until  a  later  time.  However,  in  the  testes  of 
nymphs  of  Arphla,  taken  about  the  time  of  the  first  molt,  I  hâve 
seen  a  longitudinal  rhacis  having  follicles  attached  to  it,  as  in 
the  adult  organ,  both  rhacis  and  follicles  being  so  small  that  in  a 
longisection  not  more  than  four  of  the  primary  spermatogonia  with 
which  they  are  fiUed  could  be  seen  abreast  ;  that  is,  the  diameter  of 
the  foUicle  and  of  the  rhacis  was  about  four  times  that  of  a  cell.  The 
testis  of  Brachystola  probably  passes  through  a  similar  stage.  The 
primary  spermatogonia  of  thèse  follicles  divide  as  such  until  the  testis 
has  attained  a  considérable  size,  when  they  go  over  into  secondary 
spermotogonia,  as  described  later,  each  one  at  the  transition  giving 
rise  to  a  spermatocyst.  This  change  begins  at  the  proximal  end  of 
the  foUicle  and,  proceeding  fastest  along  the  foUicular  membrane, 
extends  as  a  wave  toward  the  distal  end,  the  riper  cysts  being  forc^d 
toward  the  vas  deferens  by  the  growth  of  those  beyond.     The  small 
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cystfi  of  tbe  earlier  stages  are,  therefore,  found  ai  the  blind  end  of  the 
foUicle,  and  the  mature  spermatozoa  near  the  vas  defereyia,  the  inter- 
mediate  stages  lyîng  between.  Ordinaiily  ail  the  cells  of  a  cyst  are 
in  the  same  phase  of  development  at  any  given  time. 

Excepting  the  youngest  secondary  spermatogonia,  any  cyst  will 
présent  a  later  stage  than  its  neighbor  which  lies  farther  from  the  vas 
(leferens,  but  it  does  not  foUow  that  successive  cysts  represent  con- 
sécutive stages  ;  for,  as  will  be  shown  later,  each  cyst  develops  in- 
dependently,  but  at  about  the  same  speed  as  the  rest,  so  that  whether 
or  not  adjacent  cysts  show  consécutive  stages  dépends  mostly  upon 
the  relative  time  of  the  division  of  the  primary  spermatogonia  from 
which  they  arose.  We  may,  therefore,  find  several  cysts  in  the  same 
stage  ;  or,  between  the  stages  of  adjacent  cysts,  a  considérable  gap 
may  exist. 

The  mature  foUicular  membrane  is  composed  of  two  layers,  between 
which   may   be  seen   numerous,   deeply  staining,   flattened   nuclei. 

(/^  fig.  1.) 

FIXING   AND   STAINING    METHODS. 

Several  fixing  methods  were  used,  but  by  far  the  most  favorable 
proved  to  be  Flemming's  chrom-osmium-acetio  mixture.  The  testes 
were  hardened  in  this  from  four  to  twenty-four  h  ours,  after  which 
they  were  carried  up  through  différent  grades  of  alcohol  to  seventy 
per  cent.,  where  they  remained  until  it  was  desired  to  imbed  and  sec- 
tion them. 

AU  material  was  stained  in  section.  Of  the  varions  stains  tried, 
Heidenhain's  iron-hœmatoxylin  proved  the  best  for  nearly  every  pur- 
pose.  The  sections  were  placed  in  a  mordant  of  four  per  cent,  iron 
alum  for  about  fourteen  hours,  and  then,  after  thorough  wâshing, 
stained  about  ten  hours  in  one-half  per  cent,  hœraatoxylin.  They 
were  then  washed  again,  and  finally  dififerentiated  under  the  micro- 
scope in  the  same  fluid  used  for  the  mordant. 

Flemming's  three-color  method  proved  useful  in  the  study  of  the 
behavior  of  the  accessory  chromosome.  This  was  used  as  foUows: 
The  sections  were  placed  in  Zwaardemaker's  safranin  for  from  forty- 
five  minutes  to  two  hours  ;  the  excess  of  this  was  washed  ont  in  ninety- 
five  per  cent,  alcohol,  and  they  were  immersed  for  ten  minutes  in  a 
half-saturated  aqueous  solution  of  gentian  violet.  This  was  washed 
out  with  water  and  the  sections  treated  for  three  seconds  with  orange 
G.,  after  which  the  stain  was  differentiated  with  ninety-five  per  cent, 
alcohol  and  clove  oil.  Kemschwarz  and  safranin  also  produce  a  very 
good  stain  for  this  work. 

Sections  were  eut  6$  microns  thick  and  fixed  to  the  slide  with 
Mayer's  albumen  water  of  a  strength  of  two  drops  of  the  albumen  to 
an  ounce  of  distilled  water. 
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TERMINOLOGY. 

The  terrainology  used  in  this  paper  wili  be  made  to  conform  as 
nearly  as  the  case  allows  to  that  in  gênerai  use.  The  terras  sper- 
matogonia,  spermatocyte,  spermatid  and  spermatozoôn  will  be  used 
with  their  usual  significanoe.  In  addition  to  the  cells  ordinarily  in- 
dicated  by  thèse  names,  others  will  require  considération  which  are 
analogous  to  the  "sex  sells"  of  Voight  and  Semper,  the  "primordial 
metrocyte"  of  Biondi,  the  "germinal  cells"  of  Balfour  and  von  Ebner, 
the  "primitive  maie  ovule"  of  St.  George  and  others,  the  ''grosse 
Spermatogonien"  of  Meves,  and  the  "primary  spermatogonia"  of  Me- 
Oregor.  The  latter  term,  which  indeed  I  had  considered  before  the 
appearance  of  McGregor's  paper,  is  very  suitable  for  thèse  cells,  and,  in 
connection  with  the  name  "secondary  spermatogonia,''  for  the  deriva- 
tive  cells  occurring  in  cysts  (as  also  employed  by  the  same  author), 
will  be  used  in  this  paper. 

The  différent  phases  of  a  single  cycle  of  division  will  be  designated 
in  the  usual  way,  as  prophases,  metaphase,  anaphases,  and  telophases, 
and,  in  order  to  avoid  the  confusion  which  sometimes  arises  from  the 
slightly  différent  ground  which  varions  authors  are  accustomed  to 
cover  by  thèse  terms,  I  will  define  their  extension  as  used  by  me  for 
this  object. 

The  moment  when  the  chromatin  of  the  daughter-cell  has  reached 
the  greatest  degree  of  diffusion,  and  from  which  it  commences  to  take 
on  the  form  of  a  spireme,  will  be  regarded  as  the  dividing  Une  be- 
tween  the  telophase  of  one  génération  and  the  prophase  of  the  next. 
This  is  the  logical  place  for  the  division  line  between  cycles,  since  the 
disintegration  of  the  chromosomes  of  the  daughter-cell  is  to  be  re- 
garded as  a  mère  restoration  of  the  metabolic  condition  of  the  chro- 
matin after  the  necessary  assumption  of  the  condensed  form  for  the 
purpose  of  division.  The  prophases  will  include  ail  conditions  of  the 
cell  from  the  point  named  to  the  metaphase,  in  référence  to  which 
there  is  no  uncertainty.  The  anaphases  will  cover  ail  stages  from  the 
beginning  of  the  séparation  of  the  chromosomes  at  the  equatorial 
plate  to  their  arrivai  at  their  destination  about  their  respective  cen- 
trosomes.  The  telophases  will  begin  at  this  point  and  extend  to  the 
end  of  the  cycle  as  already  designated. 

As  to  the  extension  of  the  différent  générations  of  testicular  cells, 
only  two  will  need  to  be  defined,  namely,  the  primary  and  the  sec- 
ondary spermatogonia. 

Of  the  former  I  hâve  seen  but  oue  génération  in  Brachystolay  as  I 
i^as  able  to  obtain  only  adult  material.  However,  in  the  formation  of 
the  testes  in  Arphia,  I  hâve  observed  the  earliest  follicles  to  be  com- 
posed  exclusively  of  them,  and  the  growth  of  the  follicles,  and  conse- 
quently  of  the  testis,  to  be  accomplished  by  their  mitotio  division. 
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The  early  divisions  whioh  resuit  in  an  increased  number  of  primary 
spermatogonia  I  will  designate  as  multiplication  divisions,  and  the 
last  one,  which  results  in  secondary  spermatogonia,  as  the  transforma- 
tion division.  It  is  probable  that  the  multiplication  divisions  cease 
and  a  resting  stage  ensues  before  any  of  the  cells  enter  upon  the 
transformation  division. 

The  chief  distinguishing  characteristics  of  the  secondary  spermato- 
gonia are  the  présence  of  a  cyst  membrane  around  the  groups  in  which 
they  are  arranged,  and  the  appearance  of  the  distinct  chromosomic 
vesicles  in  place  of  the  common  nuclear  membrane.  The  two-cell 
cyst,  therefore,  marks  the  transformation. 

The  transition  of  the  secondary  spermatogonia  into  spermatocytes 
occurs  at  the  end  of  the  last  telophase,  preceding  the  growth  period 
(synaptio  stage  of  Moore),  which  latter  is  readily  recognized  by  the 
much-increased  size  of  the  cells,  the  large,  clear  vesicular  nucleus 
with  its  spireme,  and  by  the  oharacteristic  position  and  shax>e  of  one 
of  its  chromatic  éléments  (the  accessory  chromosome). 

This  élément  has  been  frequently  noted  by  investigators  and  in  a 
few  cases  more  or  less  carefuUy  described,  but  is  nearly  always  re- 
garded  as  a  nucleolus.  Last  year,  however,  McClung,  in  a  paper  on 
^*A  Peculiar  Nuclear  Elément  in  the  Maie  Reproductive  Cells  of  In- 
sects,"  called  attention  to  its  unusual  behavior  and  staining  réactions, 
and  demonstrated  the  necessity  for  regarding  it  as  an  accessory  chro- 
mosome. His  investigations,  in  the  main,  were  on  the  spermatocytes 
and  spermatids,  but  my  own  upon  the  spermatogonia  only  serve  to 
strengthen  his  conclusions.  The  behavior  of  this  élément  in  the  sper- 
matogonial  divisions  of  Braehystola  is  such  that  to  call  it  a  nucleolus 
would  be  ridicùlous  in  the  extrême.  Therefore,  since  the  name  "ac- 
cessory chromosome,"  provisionally  used  by  McClung,  has  proven 
consistent,  with  ail  the  phases  of  the  élément  yet  seen  by  me,  it  will 
be  retained  in  this  paper.  Paulmier,  also,  in  a  very  récent  paper  on 
'The  Spermatogenesis  of  Anasa  tristist'  expresses  his  opinion  that 
this  élément  is  not  a  nucleolus  but  a  modified  chromosome,  w^hich  lie 
désignâtes  as  the  "small  chromosome."  The  membranous  iuvestraent 
of  the  whole  foUicle  will  be  known  as  the  foUicular  wall,  and  that  of 
the  separate  spermatocysts  as  cyst  membranes  (Cystenhaut  of  St. 
George). 

OBSERVATIONS. 

As  already  mentioned,  spermatogonia  are  of  two  kinds,  primary 
and  secondary.  The  primary  spermatogonia  appear  in  the  follicle  at 
its  earliest  beginning  and  by  their  multiplication,  by  mitotic  division, 
produce  a  considérable  increase  in  the  size  of  the  foUicles  and  conse- 
quently  of  the  testis.     They  are  variable  in  size,  are  closely  packed 
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together,  and  hâve  relatively  little  cytoplasm.  (Fig.  D.)  The  nucleî 
are  large,  oval,  smooth  in  contour,  and  poorer  in  chromatin  than  the 
eecondary  variety  (fig.  D);  and,  in  ail  stages,  the  nuclear  membrane 
is  represented  by  a  single  vesicle  iustead  of  by  one  for  each  chromo- 
some, as  in  the  secondary  spermatogonia. 

In  the  testis  of  the  adult  insect,  the  primary  spermatogonia  are 
comparatively  rare,  having  for  the  most  part  already  been  transformée! 
into  secondary  spermatogonia.  In  a  few  foUicles,  however,  I  hâve 
been  able  to  find  thèse  in  larger  or  smaller  numbers.  Where  they  are 
numerous,  they  lie  around  the  axis  of  the  follicle  a  short  distance 
from  its  blind  end  and  sometimes  also  in  a  single  layer  at  the  ex- 
tremity  (fig.  1),  indicating  that  development  began,  not  at  the  center 
of  the  follicle,  as  we  might  expect,  but  at  the  periphery  next  to  the 
foUicular  wall. 

Where  the  primary  spermatogonia  are  few  they  lie  in  the  inter- 
spaces  between  spermatocysts,  and  some  of  them  form  the  **Cysten- 
kemen'*  of  St.  George.  It  would  hardly  be  surmised  that  the  nuclei 
of  the  cyst  walls  are  formed  from  the  same  source  as  the  germ-cells 
themselves,  but  nevertheless  there  is  strong  évidence  to  show  that 
such  is  the  case. 

In  the  first  place,  the  primary  spermatogonia  near  the  cyst  walls  can- 
not  be  distinguished  by  form  or  staining  qualities  from  those  lying  in 
the  interior  of  masses  of  their  kind.  In  the  second  place,  even  els  far  up, 
the  follicle  as  the  zones  of  spermatocytes  and  spermatids,  no  flat  nuclei 
are  to  be  seen  in  the  cyst  walls,  as  described  by  a  number  of  authors. 
Instead,  in  the  angles  between  cysts,  where  they  meet  near  the  mé- 
dian Une  of  the  follicle,  as  well  as  where  they  are  contiguous  with 
the  follicular  wall,  may  be  seen  cells  with  nuclei  like  that  of  fig.  2 
filling  the  spaces.  (Fig.  41.)  As  I  hâve  said,  thèse  are  the  only 
nuclei  of  the  cyst  walls  in  this  portion  of  the  testis.  Now  in  some 
cases,  where  masses  of  primary  spermatogonia  are  found  in  the  blind 
end  of  the  follicles,  each  nucleus  will  be  seen  to  be  exactly  similar  in 
shape,  staining  reaction  and  arrangement  of  chromatin  to  those  just 
mentioned.  The  latter  similarity,  of  course,  is  found  only  when  the 
cells  are  in  the  resting  condition,  for,  immediately  on  the  commence- 
ment of  préparations  for  division,  this  likeness  in  arrangement  of 
chromatic  substance  is  lost. 

Where  masses  of  primary  spermatogonia  in  the  resting  stage  or 
early  prophases  are  found,  they  appear  like  a  quantity  of  nuclei, 
sometimes  almost  devoid  of  cytoplasm,  enveloped  in  a  matrix  of 
stroma.  On  the  edges  of  thèse  masses,  where  they  come  in  contact 
with  cysts  of  secondary  spermatogonia,  the  cyst  walls  seem  to  be 
continuons  with  the  cell-walls  or  enveloping  stroma  of  the  nearest 
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primary  spermatogoaia,  giving  the  appearance  of  splitting  and  sur- 
rounding  the  latter. 

The  primary  spermatogonia  preparing  for  division  can  hardly  be 
said  to  enter  directly  upon  a  prophase,  for  that  term  as  I  hâve  used 
it  implies  the  présence  of  a  spireme.  I  do  not  regard  the  resting 
-stage  as  belonging  in  the  direct  Une  of  division  of  the  cell,  but  rather 
as  a  spécial  condition  into  which  the  chromatin  enters  for  the  pur- 
pose  of  preparing  for  the  rapid  divisions  which  foUow,  or,  as  in  the 
case  of  those  found  between  cysts  of  older  cells,  to  secrète  matter  for 
the  maintenance  and  extension  of  the  cyst  walls. 

The  chromatin  of  the  resting-cell  is  arranged  in  flakes  or  patches 
around  the  periphery  of  the  nucleus,  and  thèse  are  connected  with 
one  another  by  a  few  linin  fibers.  (  Pig.  2.)  As  the  cell  prépares  to 
enter  upon  the  prophases,  a  number  of  changes  are  to  be  seen  ;  the 
flakes  of  chromatin  begin  to  be  less  clearly  defined  (fig.  3),  linin 
flbers  become  more  nu  mérous,  and  slowly  the  cell  acquires  more 
cytoplasm.  Thèse  changes  proceed  until  the  chromatin  of  the 
nucleus  has  assumed  a  reticular  arrangement  similar  tothat  of  fig.  4, 
after  which  it  may  fairly  be  said  to  enter  upon  the  prophases. 

One  of  the  earliest  of  thèse  is  shown  in  fig.  5,  where  the  chromo- 
meres  are  arranged  in  several  (probably  the  chromosomic  number) 
moniliform  threads,  lying  for  the  most  part  against  the  nuclear  mem- 
brane ;  and  the  linin  fibers  are  either  ail  included  in  this  thread,  or 
are  now  so  very  minute  as  to  escape  observation.  Fig.  6  shows  another 
step.  The  chromatic  threads  still  lie  on  the  periphery,  but  they  hâve 
grown  shorter  and  thicker,  and  there  is  no  longer  any  doubt  that  each 
corresponds  to  a  future  chromosome.  Hère  the  linin  has  again  come 
into  évidence. 

About  this  time  a  clearly  defined  longitudinal  split  appears  in  the 
threads  (fig.  7),  and  the  shortening  and  thiokening  of  the  segments 
continues  until  we  get  the  condition  shown  in  fig.  8  —  a  number  of 
short,  thick,  longitudinally  split  chromosomes  almost  ready  for  divi- 
sion. Thèse  now  assume  the  form  of  short  double  rods,  smooth  in 
contour  and  apparently  homogeneous  in  structure  ;  the  nuclear  mem- 
brane is  dissolved,  the  spindle  appears,  the  chromosomes  take  their 
place  in  the  equatorial  plate,  and  the  cell  is  in  metaphase.  (Figs.  9 
and  10.) 

Primary  spermatogonia  in  any  other  phases  than  the  resting  stage 
or  early  prophase  are,  in  my  material,  extremely  rare,  and  in  the  few 
late  prophases  I  hâve  seen  there  is  nothing  to  throw  light  upon  the 
origin  of  the  oentrosomes.  I  hâve  seen  the  latter  only  in  the  meta- 
phase, where  they  are  clear  and  sharp  but  very  small. 

The  next  stage  which  came  to  my  notice  is  shown  in  fig.  11.     Hère 
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the  chromosomes  are  grouped  about  their  respective  centrosomes,  and 
the  Connecting  fibers  traverse  about  the  same  ellipsoïdal  coarse  as  did 
the  fibers  of  the  metaphase.  The  absence  of  granular  cytoplasm  in 
this  case  is  probably  accidentai. 

At  this  point  I  again  find  a  gap  in  the  séries,  the  next  stage  repre- 
sented  being  a  cyst  containing  two  cells  in  the  stage  shown  in  fig.  13/ 
/.  e.j  cells  whose  nuclei  are  composed  of  a  number  of  pockets  contain- 
ing chromatin  in  a  difiFused  condition.  This  is  the  phase  which  I 
hâve  designated  as  between  telophase  and  prophase.  The  two  cells 
of  this  stage  and  génération  which  I  did  find,  however,  dififered  from 
cells  of  the  same  stage  in  later  générations  in  no  essential  particulars. 
They  did  not  show  the  accessory  chromosome  nor  did  the  few  cells  of 
the  second  génération  which  I  was  able  to  find,  probably  on  account 
of  the  position  of  the  élément  in  the  cell.  It  is  therefore  impossible 
to  state  whether  this  interesting  structure  appears  in  the  first  or  in  a 
filightly  later  division.  There  is,  however,  only  one  explanation  for 
the  partitioned  or  lobulated  condition  of  the  nucleus,  and  that  is  the 
course  which  .brings  about  the  same  condition  in  later  générations. 
Briefly,  it  is  this  :  Immediately  after  the  formation  of  the  partition 
wall  between  the  daughter-cells,  the  chromosomes  begin  to  disinte- 
grate.  They  lose  their  homogeneous  appearance  and  become  granular, 
and,  at  the  same  time,  there  is  formed  about  each  one  a  distinct  mem- 
brane. (A  cross-section  of  such  a  cell  is  shown  in  fig.  12.)  This  con- 
dition of  separate  chromosomic  vesicles,  however,  does  not  last  long, 
as  the  partition  walls  between  them  are  soon  dissolved  where  they 
come  in  contact  with  each  other  at  their  polar  ends,  so  as  to  produce 
ihe  peculiar  glove-like  eflfect  of  fig.  30. 

The  condition  of  fig.  13,  which  represents  a  cross-section  of  the 
'**fingers"  of  the  "glove,"  is  then  reached  by  a  simple  séparation  of 
the  chromomeres. 

THE   SECONDARY   SPERMATOGONIA. 

When,  in  the  telophase  of  the  transformation  division  of  a  primary 
«permatogonium,  the  chromatin  has  reached  the  utmost  limit  of  difiFu- 
sion,  it  begins  to  take  on  the  form  of  an  extremely  fine  convoluted  or 
spiral  thread  in  each  of  the  diverticula  of  the  nucleus. 

This  is  the  first  of  the  prophases  of  the  secondary  spermatogonia 
SB  well  as  the  beginning  of  a  cyst,  for  a  common  membrane  may  now 
be  seen  about  thèse  two  cells,  which  envelops  their  descendants 
throughout  their  divisions  and  marks  them  oflF  from  other  cysts. 

There  are,  however,  a  few  cases  in  my  préparations  which  seem  to 
be  exceptions  to  this  rule.  Although  it  is  almost  invariably  the  case 
that  ail  the  cells  of  a  cyst  are  in  the  same,  or  very  nearly  the  same, 
fitage  of  development,  ocoasionally  a  small  cyst  is  found  which  shows 


SUTTON  :   SPERMATOGONIAL  DIVISIONS  IN  BRACHY8TOLA  MAGNA.        143 

the  cells  upon  one  side,  in  the  metaphase,  for  instance,  and  those  on 
the  other  side  in  a  middle  or  late  teiophase,  and  nowhere  any  inter- 
mediate  stages.  Such  an  instance  is  shown  in  fig.  G,  and  hère,  as  it 
generally  happens  in  thèse  cases,  may  be  seen  in  the  middle,  between 
the  two  kinds  of  cells,  one  (fig.  40)  which,  by  its  poverty  of  chroma- 
tin  and  the  peculiar  brownish  cast  of  the  same,  as  well  as  by  the 
cloudy  aspect  of  its  cytoplasm,  shows  itselt  to  be  degenerating. 

Thèse  degenerating  cells  are  primary  spermatogonia,  and  the  rea- 
son  for  their  présence  hère  and  for  their  dégénéra tion  is  probably  as 
foUows  :  Two  neighboring  primary  spermatogonia  pass  through  the 
transformation  division  and  reach,  say,  the  two-  or  four-cell  stage,  and 
at  this  time  hâve  between  them  another  primary  spermatogoniam. 
The  next  division  greatly  increases  the  volume  of  thèse  two  cysts  and 
their  walls  meet  around  the  cell  between  them  on  ail  sides.  Then,  for 
some  reason,  the  contiguous  portions  of  the  cyst  membranes  are  re- 
sorbed,  the  two  cysts  become  united,  and  the  cell  in  question  is  impris- 
oned  in  the  middle  of  what  is  now  a  single  cyst.  There,  being  eut  off 
from  the  structures  from  which  it  has  been  wont  to  dérive  its  nourish- 
ment,  it  rapidly  breaks  down  and  disappears,  and  is  never  found  in  a 
cyst  of  more  than  twenty  cells. 

In  cases  of  this  kind,  where,  on  account  of  their  différent  origin, 
the  cells  of  a  cyst  represent  two  différent  stages  of  development,  the 
tendency  is  for  the  one  set  to  go  slower  or  the  other  faster,  so  that  in 
the  course  of  a  few  divisions  they  get  in  step,  as  it  were,  with  one  an- 
other. 

This  union  of  young  cysts  accounts  for  the  fact  that  occasionally 
we  find,  in  the  zone  of  spermatocytes,  cysts  of  exceptionally  large  size, 
while  in  gênerai  they  are  of  about  equal  volume,  indicating  a  fixed 
number  of  spermatogonial  divisions. 

The  question  now  arLses,  How  from  a  single  cell  and  its  cell  mem- 
brane do  we  get  two  cells  eaoh  with  its  cytotheca,  and  in  addition  a 
cyst  membrane  containing  both  thèse  daughter-cells  V  The  solution 
seems  to  be  this  :  In  the  early  stages  there  is  between  and  among  the 
primary  spermatogonia  a  membranous  intercellular  substance  with 
which  they  are  in  intimate  relation,  as  shown  by  the.  fact  that  they 
never  shrink  away  from  it.  As  development  jroceeds,  however,  the 
close  relation  between  the  cell  and  intercellular  substance  is  lost,  and 
in  the  metaphase  (as  was  the  case  with  the  cell  shown  in  fig.  10  and 
also  in  fig.  D)  we  sometimes  find  the  cell  membrane  separated  in 
places  from  its  capsule,    (a,  fig.  D.) 

It  now  only  remains  for  the  séparation  to  become  complète.  Wlieii 
the  two-cell  stage  is  reached  the  spermatogonia  and  the  cyst  which 
con tains  them  are  independent  structures.     As  the  number  of  cells 
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within  the  cyst  inoreases  by  division,  the  cyst  membrane,  obvîously, 
beoomes  more  and  more  extended,  the  material  for  this  inorease  being 
f  urnished  by  those  primary  spermatogonia  whioh  still  remain  in  the 
resting  condition,  one  or  more  being  aiways  found  in  relation  with 
eaoh  cyst,  either  in  the  axis  of  the  follicle  or  between  the  cyst  and 
the  follicle  wall. 

To  return  now  to  the  developing  cell  ;  the  spiremes  of  the  prophase 
attain,  by  a  process  of  shortening  and  thickening,  the  forra  of  short, 
heavy,  rough-contoured  spiral  threads  (fig.  19),  which  split  longitudi- 
nally.  Thèse  assume  a  form  similar  to  that  of  the  chromosomes  in 
the  metaphase  already  described  and  divide  along  the  lines  marked 
ont  in  the  prophase,  giving  rise  to  two  cells  each,  and  oonsequently  to 
a  cyst  of  four  cells. 

It  is  not  until  the  eight-  or  sixteen-cell  stage  that  I  am  able,  in  my 
préparations,  to  find  ail  the  stages,  but  such  as  I  do  find  in  the  few 
sraaller  cysts  which  I  hâve  seen  would  indicate  no  différence  between 
the  early  and  late  spermatogonial  divisions. 

Thèse  I  will  describe  in  détail,  beginning  with  the  anaphases,  as  I 
hâve  seen  them  in  the  later  générations,  and  as  I  believe  them  to 
commence  after  the  metaphase  of  the  primary  spermatogonia. 

At  the  beginning  of  the  anaphase,  the  chromosomes  are  in  the  form 
of  double  rods  lying  in  the  equatorial  plate,  perpendicular  to  the  axis 
of  the  cell  and  attached  by  their  central  ends  to  the  spindle  fibers. 
<Figs.  22,  23.) 

The  séparation  marking  the  commencement  of  thèse  phases  begins 
at  the  central  ends  of  the  chromosomes,  producing  a  circle  of  V-shaped 
figures  with  their  apices  outward.  The  two  halves  remain  connected 
at  their  outer  ends  until  the  apex  of  the  "V"  has  been  drawn  down 
into  line  with  the  limbs,  when  they  separate  and  the  two  halves  travel 
through  an  elliptioal  course  to  their  respective  centrosomes  (fig.  25), 
stretching  ont  between  them  the  Connecting  fibers,  which  at  first  pré- 
serve the  ellipsoidal  shape  of  the  spindle  figure,  but  soon  begin  to  draw 
together  in  the  middle  so  as  to  form  first  a  cylînder  and  then  a  hyper- 
boloid.  (Figs.  26  and  27.)  During  this  time  the  cell- wall  has  con- 
stricted  across  and  we  now  hâve  two  daughter-cells  connected  by  the 
persisting  spindle.  Where  this  spindle  pénétrâtes  the  cell- wall  there 
is  developed  on  each  of  its  fibers  a  slight  enlargement  which  stains 
rather  deeply.    (  Fig.  27.) 

Many  authors  describe  thèse  Connecting  fibers  as  being  arranged 
in  two  cylinders,  one  within  the  other,  and  distinguish  them  by  the 
names  of  spindle  fibers  and  mantle  fibers,  respectively.  In  this  object, 
however,  as  shown  by  fig.  28,  almost  ail  the  fibers  are  confined  to  the 
mantle,  a  very  few  being  irregularly  disposed  within. 
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Wlien  the  cells  reach  this  stage  they  seem  to  hâve  a  tendency  to 
roU  upon  one  another,  so  that  the  ends  of  the  chromosomes  of  the 
one  no  longer  point  toward  those  of  the  other  (figs.  29  and  31),  and 
the  spindle,  instead  of  holding  its"  place  in  the  center  of  the  partition 
wall,  cornes  to  lie  at  one  side.    (  Fig.  J,  s.) 

Almost  immediately  after  the  chromosomes  reach  the  centrosome 
they  begin  to  change,  finally  losing  their  homogeneous  appearance  and 
becoming  roagh  in  contour,  while  around  each  is  formed  a  distinct 
membrane  in  place  of  a  common  nuclear  membrane  enclosing  ail.  In 
each  chromosome,  the  séparation  of  the  chromomeres,  for  such  is  the  na- 
ture of  the  change,  sometimes  results  in  a  hollow  space  in  the  middle 
whioh  makes  it  appear  under  the  microscope  as  though  longitudinally 
split.  (  Figs.  30  and  34.  )  In  ail  but  one,  this  hoUowing  process  proceeds 
but  a  short  time  until  it  is  foUowed  by  a  gênerai  diffusion  of  the  ohro- 
matin  within  the  compartments,  which  hâve  now  become  intercom- 
niunicating  by  a  résorption  of  the  contiguous  portions  of  their  walls 
at  the  polar  end  of  the  cell,  giving  the  glove-shaped  nucleus  already 
mentioned.  (Figs.  30  and  31.)  One  of  the  chromosomes,  which  can 
occasionally  be  distinguished  from  the  others  in  the  metaphase  or 
anaphases  by  its  rougher  contour  and  greater  length  (fig.  24),  does 
not  join  its  cavity  with  that  of  the  others,  but  remains  separate,  and 
further  makes  itself  conspicuous  by  depositing  its  chromatin  upon 
its  vesicular  membrane.  (Figs.  31,  33,  34,  and  35.)  This  is  the  acces- 
sory  chromosome,  and  in  this  condition  might  be  spoken  of  as  the 
vesicular  chromosome.  Except  after  the  last  spermatogonial  division, 
this  élément  remains  shut  up  in  its  vesicle  until  the  foUowing  meta- 
phase, whereas  the  fusion  of  the  other  vesicles  may,  in  rare  cases,  pro- 
ceed  so  far  as  to  reduce  the  "fingers"  of  the  "glove"  to  a  set  of 
shallow  pockets  in  the  surface  of  the  nuclear  membrane.     (Fig.  34.) 

The  chromatin  of  the  vesicular  chromosome,  after  remaining  for 
some  time  at  the  periphery,  again  recèdes,  and  accumulâtes  at  the 
center  of  the  vesicle  in  a  form  like  that  shown  in  fig.  36,  which  was 
drawn  from  a  similar  stage  in  the  last  division.  Fig.  13  represents  a 
cross-section  of  the  "fingers"  of  the  nucleus  at  this  time,  the  dense 
body  at  the  right  being  the  accessory  chromosome.  This  is  the  end 
of  the  telophases,  and  hère  the  cell  enters  upon  the  prophases  of  a 
new  génération.  The  chromatin  in  the  common  nuclear  membrane 
begins  to  take  on  the  form  of  a  number  of  fine  sjnremes,  while  the 
accessory  chromosome  assumes  the  irregular  shape  shown  in  fig.  15,  a. 

The  spiremes  of  the  nuclear  space  become  shorter  and  thicker, 
which  process  is  accompanied  by  a  greater  or  less  résorption  of  the 
partitions  between  the  fingers  or  pockets  of  the  nucleus  (  figs.  15  and 
19),  and  the  accessory  chromosome  grows  gradually  smoother  and 
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more  regular  in  outline,  soon  becoming  of  uniform  diameter  and  of ten 
twisted  like  a  rope.  (  Fig.  16;  fig.  A,  x.)  About  this  time  the  ordînary 
chromosomes  show  a  tendency  to  lose  their  spiral  form  (  figs.  17,  18, 
19,  and  39),  and  in  some  of  them  may  be  seen  a  distinct  longitudinal 
split. 

Near  the  stage  shown  in  fig.  16,  there  may  be  seen,  close  to  that 
portion  of  the  nuclear  wall  which  faces  the  greatest  mass  of  cy toplasm, 
two  extremely  minute  but  deeply  stained  centrosomes,  each  with  its 
radiate  arrangement  of  the  cytoplasm  and  joined  together  by  a  very 
small  centrodesmus.  Thèse  raove  wider  apart  (fig.  39)  as  the  chro- 
matic  threads  assume  more  and  more  the  form  of  chromosomes,  and 
soon  corne  to  lie  diametrically  opposite  one  another.  This  moment  is 
marked  by  the  disappearance  of  the  nuclear  membrane  but  not  always 
of  that  of  the  accessory  chromosome  (fig.  21),  which  now  has  the 
form  of  a  rough  double  rod  (fig.  15),  or,  as  often,  of  a  two-strand  roi)e 
(fig.  21a).  I  hâve  noticed  a  splitting  of  the  accessory  chromosome  at 
a  stage  as  early  as  that  shown  in  fig.  16,  in  which  case,  however,  it  is 
impossible  to  détermine  its  condition. 

Soon  the  chromosomes,  including  the  accessory,  assuming  the  form 
of  short,  thick,  straight  or  slightly  curved  double  rods,  take  their  places 
in  a  radial  position  in  the  equatorial  plate  and  the  central  end  of  each 
becomes  attached  by  several  fibers  to  each  of  the  centrosomes.  (  Figs. 
22  and  23.) 

We  hâve  now  completed  the  cycle  of  the  ordinary  spermatogonial 
division.  The  telophases  of  the  last  division,  however,  diflPer  from 
those  of  the  others,  as  we  would  naturally  expect,  in  préparation  for 
the  growth  stage  of  the  sperraatocyte.  This  différence  consists  in  the 
réduction,  in  the  late  telophases,  of  the  sacculated  nucleus  to  a  mère 
irregular  vesicle,  which  finally  becomes  smooth  in  contour;  and  in 
the  regular  diffusion  of  the  chromatin  throughout  the  nuclear  space. 
The  accessory  chromosome  becomes  more  and  more  condensed,  and 
its  membrane,  closely  applied  to  that  of  the  nucleus,  still  encloses  it 
at  the  time  of  the  change  to  the  spermatocyte. 

Fig.  38  represents  an  early  spermatocyte  prophase  in  which  the 
hollow  center  of  the  vesicular  stage  of  the  assessory  chromosome 
seems  to  be  not  entirely  obliterated. 

DISCUSSION   AND   COMPARISON   OF    LITERATURE. 

I.  T/ie  Orn/hi  of  the  Spermatocysts. — The  occurrence  of  the 
sperm-cells  of  animais  in  groups  or  spermatocysts  has  been  recog- 
nized  and  mentioned  by  investigators  upon  the  most  various  forms 
since  it  was  first  noted  by  St.  George  in  the  Amphlbla,  in  1876.  Few 
authors,  however,  hâve  attempted  any  explanation  of  their  origin,  or 
even  a  description  of  their  structure,  many  seeming  to  take  their 
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preseDce  as  a  matter  of  course,  and  merely  alluding  to  them  in  de- 
scription of  other  éléments  of  tbe  testis. 

St.  George,  in  1876,  described  thèse  structures  in  Rana  temporaria, 
He  found  the  oyst  membranes  of  each  group  of  spermatogonia  to  lie 
within,  though  generally  not  mechanically  continuons  with,  other 
inembranous  compartments  whîch  were  to  be  distinguished  from  the 
cyst  membrane  only  by  careful  observation.  Thèse  latter  are  con- 
tinuons with  the  walls  of  the  canal  and  with  one  another,  and  serve 
to  support  the  cysts.  Each  membrane  bas  its  nuclei,  which  are 
easily  distinguished  from  each  other  by  the  arrangement  of  their 
ohromatin.  As  to  the  origin  of  the  cysts,  his  opinion  is  that  a  single 
early  cell  is  surrounded  by  other  cells,  which  latter  become  continu- 
ons with  one  another,  and,  losing  their  protoplasm  to  a  large  degree, 
f^cradually  assume  the  form  of  a  membrane,  while  the  single  cell  thus 
imprisoned  gîves  lise  by  constriction  of  its  nucleus  to  the  cells  of  the 
matnre  cyst. 

Henking,  in  1891  {Pyrrhocorin),  first  mentions  the  cyst  membrane 
in  describing  groups  of  cells  of  considérable  size.  In  older  mem- 
V)ranes,  he  saw  large  nuclei  resembling  those  of  connective  tissue  cells, 
each  having  about  it  a  layer  of  cytoplasm.  He  noted  that  ail  the 
cells  of  a  given  cyst  are  in  approximately  the  same  stage  of  division 
and  that  the  equatorial  plates  of  the  division  figures  were  uniformly 
tangential  to  the  circumference  of  the  cyst  as  seen  in  section.  He 
also  mentions  groups  of  cells  lying  in  circles  about  diflferently  con- 
structed  central  cells,  which  latter  are  easily  distinguished  by  their 
large  size  and  poverty  of  chromatin.  This  condition  probably  cor- 
responds to  that  shown  in  fig.  G,  and,  if  so,  argues  an  origin  of  cysts 
similar  to  that  in  Brachystola. 

Vom  Kath,  in  1892  (  Gryllotalpa),  says  nothing  of  the  présence  of 
oysts  in  his  object,  but  the  conical  shape  of  certain  spermatogonia 
figured  in  his  plates  is  a  strong  indication  of  their  présence. 

Toyama,  1894  (Zfo//<6^j?),speaks  of  the  arrangement  of  the  early 
conical  cells  with  their  apices  attached  to  the  processes  of  supporting 
cells.     He  describes  the  sperm-  cells  as  grouped  in  cysts,  and 

notes  the  synchronous  division  of  the  cells  of  each  group. 

Montgomery,  in  1898  (Pentatoma),  goes  into  the  subject  more  in 
détail.  After  descriljing  the  six  foUicles  of  which  each  testis  is  com- 
|x>8ed,  he  says:  "Each  follicle  is  bounded  by  a  sheath  of  connective 
tissue  formed  of  interlacing,  branched,  connective  tissue  cells,  some  of 
which  also  penetrate  the  interior  of  the  follicles.  Thèse  branching 
processes  of  thèse  connective  tissue  cells  serve  to  demarcate  more  or 
less  spherical  groups  of  cells,  the  spermatocysts  of  v.  la  Vallette  St. 
George."     He  has  not  seen  the  formatian  of  the  cysts,  but  thinks  it 
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probable  that  in  the  embryonic  testis  there  ie  a  network  of  connective 
tissue,  in  each  mesh  of  which  is  contained  '*a  single  spermatogonium* 
or  at  leaet  only  a  small  number  of  spermatogonia."  The  cypts  are 
then  built  up  by  the  division  of  thèse  cells,  the  cyst  membrane  being 
formed  by  the  extension  of  the  connective  tlssue  investment.  The 
maturer  cysts  are  forced  towdtds  the  vas  deferens  by  the  growth  of 
the  younger  ones  beyond.  This  supposed  origin  of  the  cyst  in  Pen- 
tatoma  diffère  from  the  process  as  seen  in  Braehystola  mainly  in  the 
implied  différence  in  origin  in  Montgomery's  description  between  the 
sperm-cells  and  those  of  the  cyst  walls. 

Paulmier,  1899.  states  distinctly  that  in  his  material  {Anasa)  the 
spermatogonia  occur  at  the  blind  end  of  the  foUicle  singly  or  in  groaps 
not  yet  surrounded  by  a  membrane.  After  a  certain  number  of  di>a- 
sions,  each  group  becomes  surrounded  by  a  connective  tissue  wall 
continuons  with  the  lining  of  the  foUicle,  and  the  cells  assume  the 
conical  shape  noted  by  Henking,  Montgomery,  and  othere,  and  figured 
by  vom  Rath. 

McGregor,  1899  {Amphluma),  gives  the  présence  of  the  cyst  mem- 
brane about  groups  of  secondary  spermatogonia  as  one  of  the  chief 
points  of  distinction  between  them  and  their  predecessore,  the  pri- 
mary  spermatogonia.  He  notes  the  conical  form  of  the  cells  of  the 
younger  groups  and  the  fact  Ihat  the  secondary  spermatogonia  arise 
from  the  primary,  but  has  nothing  to  say  in  regard  to  the  number  of 
primary  spermatogonia  taking  part  in  the  formation  of  a  single  cyst. 

My  own  observations  correspond,  with  more  or  less  exactness,  to 
something  in  each  of  thèse  descriptions,  though  in  many  cases  they 
présent  radical  différences. 

Piret,  I  find  primary  spermatogonia  and  secondary  spermatogonia 
as  McGregor  does,  but  in  Braehystola  the  primary  spermatogonia  do 
not  divide  amitotically,  as  he  reports  them  for  Amphiuma, 

Second,  the  primary  spermatogonia  change  to  secondary  sperma- 
togonia, but  a  cyst  is  formed  and  a  cyst  membrane  appeare  even  in 
the  two-cell  stage  ;  the  latter  being  sometimes  indicated  in  metaphase 
of  the  transformation  division.     (Pig.  D,  a.) 

Third,  the  cyst  membranes  hâve  nuclei,  as  reported  by  many,  but 
they  are  identical  with  those  of  thé  resting  primary  spermatogonia. 

Pourth,  the  cells  in  the  young  cyst  assume  «a  roughly  pyramidal 
shape,  as  described  by  most  authore,  and  tend  to  divide  tangentially  to 
the  periphery  of  the  cyst,  as  described  by  Henking  ;  also,  except  in 
spécial  cases,  ail  the  cells  of  a  cyst  divide  almost  simultaneously. 

Pifth,  occasionally  a  différent  sort  of  oeil  is  seen  in  the  middle  of 
a  young  cyst  of  secondary  spermatogonia,  as  described  by  Henking. 

Sixth,  the  number  of  divisions  of  the  secondary  spermatogonia 
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seems  to  be  constant,  as  intimated  by  Paulmier  and  McGregor.  The 
number  is  probably  seven,  whioh  would  give  256  oells  to  the  oyst  of 
early  spermatocytes,  since  secondary  spermatogonia  first  appear  in 
pairs  as  a  resalt  of  the  last  division  of  a  primary  spermatogonium. 

Seventh,  the  method  of  origin,  as  abeady  desoribed  for  this  object, 
would  argae  against  any  attachaient  of  the  cysts  to  the  walls  of  the 
foUicIes,  as  described  by  St.  George  and  as  suggested  by  Montgomery. 

II.  The  AccesHonj  Chromosome. —  It  has  long  been  customary 
with  observera  to  classify  ail  the  solid  éléments  of  the  cell  nucleus 
under  three  heads,  viz.:  Chromosomes,  fibers  of  varions  kinds,  and 
nucleoli. 

The  first  two  hâve  been  restricted  to  sîmilar  structures  in  the  dif- 
férent forms,  so  that  in  regard  to  them  no  great  confusion  has  arisen  ; 
but  in  regard  to  the  latter  such  is  not  the  case.  The  term  "nucleolus'^ 
has  had  to  serve  for  everything  not  f alling  directly  under  the  other 
heads,  in  the  opinion  of  the  investigator  ;  and  truly  it  has,  with  a 
greater  or  less  degree  of  efficiency,  covered  a  multitude  of  errors. 
The  most  divergent  bodies  hâve  been  included  under  the  same  term, 
regardless  of  behavior,  staining  reaction,  or,  in  fact,  of  anything  else. 

One  of  thèse  much-neglected  éléments  is  that  which  in  this  paper  I 
hâve  called  (after  McClung)  the  "accessory  chromosome."  This  most 
interesting  structure,  which  I  hâve  reason  to  believe  présent  in  the 
sperm-cells  of  ail  insects,  has  been  noted  by  a  number  of  authors  as 
behaving  diflferently  from  the  ordinary  nucleolus,  and  has  been  vàri- 
ously  designated  as  "nucleolus,"  "secondary  nucleolus,"  "chromatin 
nucleolus,"  and  recently,  by  Paulmier,  as  the  "small  chromosome." 

It  is  most  conspicuous  in  the  growth  stage  of  the  spermatocyte, 
and  consequently  has  been  more  frequently  noted  hère  than  in  the 
spermatogonia. 

In  Brachystola,  the  accessory  chromosome  appears  probably  in  the 
first,  and  certainly  in  the  third,  secondary  spermatogonial  division,  and 
goes  through  precisely  the  same  changes  in  each  cycle  up  to  the  last. 

It  may  occasionally  be  distinguished  from  the  other  chromosomes 
in  the  metaphase  and  anaphases  by  its  granularity  and  greater  length, 
though  it  always  divides  like  the  others,  and  in  the  actual  process  of 
division,  as  a  rule,  is  indistinguishable  from  them.  In  the  telephase 
it  constructs  its  own  membrane  just  as  do  the  others,  but  soon  be- 
comes  sharply  contrasted  with  them  by  the  déposition  of  its  chromatin 
in  a  diflfused  condition  upon  the  inner  surface  of  its  vesicle  (vesicular 
chromosome),  and  also  by  the  fact  that  from  this  point  to  the  follow- 
ing  metaphase  the  cavity  of  its  vesicle  remains  distinct  from  that 
formed  by  the  junction  of  ail  the  others.  In  thèse  stages  the  vesicle 
of  the  accessory  chromosome  may  lie  on  any  portion  of  the  nuclear 
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membrane  proper  ;  in  some  cases  occupying  a  position  between  the 
"fingers"  or  sacculations  of  it  (fig.  34).  This  vesicular  stage  is  of 
compara tively  long  duration,  and  is  foUowed  by  a  receding  of  the 
chomomeres  from  the  membrane  to  form  a  chromatio  rod,  first  loose, 
rough,  and  granular,  but  gradually  growing  more  slender  and  com- 
pact, and  often  becoming  twisted  (fig.  16).  It  also  betrays  a  longi- 
tudinal split  at  a  stage  later  than  that  at  which  a  similar  occurrence 
is  observable  in  the  ordinary  chromosomes. 

From  the  middle  prophases  to  the  telophases,  its  conduct  is  so  simi- 
lar to  that  of  the  other  chromosomes  that  it  would  hardly  be  an  error 
to  speak  of  the  cells  of  thèse  stages  as  having  two  nuclei,  one  having 
a  single  chromosome  and  the  other  a  large  number,  the  small  nucleus 
always  lagging  slightly  behind  the  large  one.  This  lagging  of  the 
accessory  chromosome  is  nicely  shown  in  fig.  21,  already  alluded  to, 
where  in  a  stage  just  before  the  metaphase  the  nuclear  membrane  is 
seen  to  be  dissolved  while  that  of  the  body  in  question  is  still  intact. 

In  the  last  or  transformation  division  of  the  secondary  spermato- 
gonia,  some  diflPerences  are  noticeable  in  the  behavior  of  the  élément 
under  considération.  The  vesicular  stage  seems  to  be  of  slightly 
longer  duration,  and  while,  after  its  close,  the  same  condensation  of 
the  chromatin  takes  place,  no  longitudinal  split  appears  until  the  late 
prophases  or  "ring  stage'*  of  the  spermatocy te  ;  and  in  the  course  of 
the  earlier  prophases  of  the  growth  period  its  vesicle  gradually  be- 
coines  fused  with  the  nuclear  membrane,  its  outer  half  completing  the 
smooth  contour  of  the  latter,  while  its  inner  portion  projects  into  the 
nuclear  cavity.  In  this  stage  it  has  the  appearance  of  an  irregular 
vesicle  fiUed  with  a  homogeneous,  darkly  staining  li^uid  or  semi- 
liquid  body,  suspended  within  the  membrane  of  the  nucleus.  Later 
it  again  becomes.  granular,  and  in  the  first  spermatocyte  division 
divides  as  it  did  in  the  spermatogonia. 

The  resting  stage  of  this  élément,  as  shown  by  its  staining  violet 
with  Flemraing*s  three-color  stain,  is  what  I  liave  called  the  vesicular 
stage,  and  this  only,  since  at  ail  other  times  it  stains  a  bright  red. 
The  absence  of  the  formation  of  a  spireme  at  any  stage  in  the  de- 
velopment  of  this  élément  is  paralleled  by  Henking's  description  of 
the  normal  process  in  ail  the  chromosomes  in  the  spermatogonia  of 
Pyrr/iororiif,  He  says:  "Wenn  die  jungen  Hodenzellen  sich 
theilen  woUen,  so  bekommt  der  Kern  ein  anderes  Aussehen.  Vorher 
durchwcg  dunkel  (  bei  Behandlung-mit  Flemming's  PlUssigkeit  )  wird 
er  nun  licht,  indem  er  sich  aufblftht  und  zwischen  die  sich  ebenfalLs 
nicht  unerheblich  vergrôssernden  Chromatinkomer  eine  belle  Sub- 
stanz  einlagert.  .  .  .  Das  Chromatin  hat  sich  in  getrennten,  im 
Allgemeinen  ziemlich  gleich  weit  von  eiuander  abstehenden  etwa 
kugeligen  Kornern  angehftuft." 
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This  being  the  case,  it  is  not  remarkable  that  Henking  should 
hâve  passed  over  a  body  which,  in  hîs  material,  probably  very  closely 
resembled  the  other  chromosomes.  In  the  growth  stage,  however,  he 
describee  it  (ander  the  name  aurleolus)  in  a  way  which  makes  its 
équivalence  to  the  accessory  chromosome  of  Braehystola  unmistak- 
able.  So  far  as  I  hâve  been  able  to  discover,  Henking  is  the  first  to 
describe  or  figure  this  élément. 

Vom  Rath,  1892,  probably  saw  the  accessory  chromosome  in 
Gryllotalpa,  but  liis  mention  of  it  is  so  brief  and  vague  that  we  can 
only  surmise  as  to  its  identity  with  the  structure  so  prominent  in  the 
Orthoptera.  His  only  description  of  it  is  this,  taken  from  hîs  account 
of  the  maturation  period:  "Ein  Nucleolus  ist  bis  in  dies  Stadium 
ileutlich  wahrnehmbar  geblieben,  wâhrend  ein  zweiter  voUig  unsichtbar 
^eworden  ist.  So  viel  steht  fest,  dass  die  Nucleoli  an  dem  Aufbau 
des  Chromatischen  Fadens,  keinen  directen  Antheil  nehmen." 

Wilcox,  1895, 'in  CaloptennH,  figures  the  accessory  chromosome 
(fig.  111)  in  the  spireme,  stage  of  the  spermatocyte,  where  I  hâve  seen 
it  plainly  in  the  same  material,  but  makes  no  référence  to  its-presence 
in  the  spermatogonia,  unless  the  foUowing  statement  should  refer  to 
it:  **In  fig.  106  there  is  a  body  (nucleolus?)  which  seems  to  hâve 
recently  divided." 

Moore,  1895,  describes  in  Elusmohranchs  the  appearance  of  a 
''secondary  nucleolus*'  surrounded  by  its  vacuole  at  the  beginning  of 
the  second  spermatogenetic  period  (growth  stage  of  the  spermatocyte). 
This  is  the  stage  in  which  the  accessory  chromosome  is  most  promi- 
nent in  insects,  and  it  is  probable  that  Moore's  discovery  in  the  fishes 
corresxx>nd8  to  it.  Another  nucleolus  is  also  présent.  Of  the  two 
he  says:  "Thèse  two  peculiar  forms  are  always  to  be  found  after  the 
transition  from  the  first  to  the  second  spermatogenetic  period,  and 
throughout  ail  the  générations  of  the  latter.''  In  his  figures  the 
"secondary  nucleolus"  bas  decidedly  the  appearance  of  the  accessory 
chromosome  of  insects. 

Julian  Wagner,  1896,  describes  for  the  spiders  a  structure  which, 
from  its  behavior  in  the  first  spermatocyte  division,  is  certainly  very 
like  the  accessory  chromosome.  He  made  no  study  of  the  spermato- 
gonia. 

Montgomery,  1898,  describes  for  Peut  ai  orna  a  structure  which 
anses  from  one  of  the  chromosomes  of  the  la-st  spermatogonial  divi- 
sion, and  may  be  plainly  seen  throughout  the  spermatocyte  divisions. 
He  calls  it  the  "chromatin  nucleolus,"  and  there  can  hardly  be  a  doubt 
that  it  corresponds  to  the  accessory  chromosome. 

McCIung,  1899,  in  the  paper  in  which  he  proposes  the  name  **  acces- 
sory chromosome,"  gives  an  extended  description  of  the  behavior  of  this 
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body  in  Xiphidium^  beginning  with  the  last  division  of  the  spermato- 
gonia  and  following  it  through  the  formation  of  the  spermaiozoôn. 
In  the  spermatocytes,  especially  in  the  growth  stage,  it  behaves  very 
much  as  in  Braehystola,  with  the  exception  that  in  the  divisions  of 
Xiphidium  it  has  the  form  of  a  curved  chromatio  body,  to  both  ends 
of  which  the  spindle  fibers  attach,  while  in  my  object  it  is  a  straight 
or  slightly  curved  rod,  receiving  the  insertion  of  the  fibers  at  one  end 
only.  In  the  spermatogonia  he  reports  no  vesicular  stage  or  other 
variation  from  its  routine  in  the  spermatocyte. 

Paulmier,  1899,  describes  a  similar  élément  tor  Anasa  under  the 
name  of  the  ''small  chromosome."  He  considers  it  présent  in  the 
resting  stage  of  the  spermatogonia  in  the  form  of  two  hazy,  indefinite 
masses  of  chromatin,  not  breaking  down  to  the  same  extent  as  the 
other  chromosomes,  and  staining  with  the  chromatin  stains.  In  the 
equatorial  plate,  thèse  appear  as  two  small  chromatic  bodies,  very 
much  smaller  than  the  other  chromosomes,  and  connected  with  them 
by  chromatin  bands.  He  says  that  in  the  period  of  spermatocyte 
groWth  they  reappear  as  a  '^single  body,"  but  fails  to  describe  the 
manner  in  which  their  fusion  is  accomplished.  The  behavior  of  this 
body  in  the  spireme  stage  is  very  similar,  indeed,  to  that  of  the 
accessory  chromosome  in  the  same  stage  in  Brachystola,  In  the  latter, 
however,  it  goes  into  the  first  spermatocyte  division  as  a  longitudinally- 
split  rod,  not  as  a  tetrad. 

As  to  the  significance  of  this  élément,  I  am  hardly  prepared  to 
venture  an  opinion.  McClung  looks  upon  it  as  "possibly  represent- 
ing  derivative  substances  from  one  or  ail  of  the  chromosomes/' 
Paulmier  ofiFers  the  suggestion,  somewhat  along  the  same  Une,  that  it 
may  be  an  aggregation  of  ids  representing  characters  at  présent  being 
lost  by  the  species,  basing  the  supposition  chiefly  on  the  fact  that,  iu 
his  material,  it  goes  over  bodily,  without  division,  to  one  of  the  sper- 
matids  in  the  second  spermatocyte  division.  My  observations,  it  will 
readily  be  seen,  are  hardly  corroborative  of  Paulmier's  conclusions. 
A  glance  at  the  figures  shows  the  continuity  of  the  élément  through- 
out  ail  the  stages,  and  a  carefulness  and  précision  in  its  movements 
which  are  hardly  compatible  with  the  supposition  that  it  is  a  degener- 
ating  chromosome.  It  is  obvions  that  the  term  "  small  chromosome  " 
is  anything  but  descriptive  of  the  élément  in  Brachystola. 

Perhaps  the  most  important  thing  to  be  gained  at  présent  from  the 
knowledge  of  the  behavior  of  the  accessory  chromosome  in  Brachys- 
tola is  the  light  which  it  throws  upon  the  question  of  the  individu- 
ality  of  the  chromosomes.  In  the  first  place,  the  fact  that  it  is  a  true 
chromosome,  though  différent  from  the  others,  is  shown  by  its  stain- 
ing reactions  and  by  the  parallelism  between  its  development  in  the 
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spermatogonia  and  that  of  lis  more  generally  reoognized  fellows.  Âl- 
though  it  shows  a  tendency  to  lag  behind  the  other  chromatic  bodies, 
the  only  radical  différence  between  the  two  is  the  absence  of  the 
loose  spireme  in  the  accessory,  and  this  is  paralleled,  as  shown  above, 
by  the  normal  process  of  ail  the  chromosomes  of  Pyrrhocoris,  ac- 
cording  to  the  statement  of  Henking.  The  apparent  radical  différ- 
ence in  the  case  of  the  vesicular  stage  is,  in  reality,  only  a  matter  of 
degree,  for  it  frequently  happens  that  the  ordinary  chromosomes,  in 
going  into  the  diffused  condition,  leave  a  very  appréciable  hoUow  in 
their  centers  (fig.  30).  Apparently  there  is,  for  some  reason,  a  ne- 
cessity  that  the  chromatic  granules  of  the  accessory  corne  into  doser 
relation  with  the  cyptoplasm  than  those  of  its  mates,  and  the  resuit  is 
their  déposition  upon  the  vesicle  itself  —  this  vesiculation  being  really 
a  substitute  for  the  loose  spireme  so  conspicuously  lacking. 

Now,  if  it  be  admitted  that  the  body  is  a  chromosome,  inspection 
quickly  shows  us  that  it  maintains  throughout  the  spermatogonial  di- 
visions,  as  well  as  in  those  that  foUow,  an  indubitable  independence, 
being  enclosed,  in  ail  stages  except  those  of  actual  division,  in  its  own 
individual  membrane.  Having,  then,  one  of  the  chromosomes  which 
préserves  its  individuality  in  this  way,  and  seeing  the  other  chromo- 
somes enclosed  for  a  part  of  their  development  in  similar  individual 
vesicles,  which  only  become  intercommunicating  by  absorption  of  a 
part  of  their  walls,  hâve  we  not  a  right  to  suppose  that  at  one  time 
tbey  too  enjoyed  the  same  independence  as  their  more  exclusive  mate? 
In  other  words,  hâve  we  not  a  right  to  suppose  that  their  phylogeny 
is  paralleled  by  their  ontogeny?  If  this  be  granted,  then  we  hâve  at 
least  more  ground  for  belief  in  the  individuality  of  the  chromosomes 
than  if  we  had  never  known  of  a  time  when  they  were  of  necessity 
independent. 

III.  TTie  Sacrulated  Xucleus, — In  the  reconstruction  of  the 
nuclear'  membrane  of  ihe  secondary  spermatogonia  of  Brachystola, 
we  hâve  to  do  with  a  condition  hitherto  undescribed,  at  least  in  this 
sort  of  oells.  This  condition  is  the  plurality  of  nuclear  vesicles  ex- 
hibited  at  a  certain  stage  of  the  prophase  and  retained  in  a  modified 
form  until  just  before  the  foUowing  metaphase. 

The  différence  from  the  common  type  is  not  one  of  principle,  but 
rather  of  time  relations.  To  make  this  clear,  some  explanation  will 
be  necessary.  It  is  generally  admitted  that  the  nuclear  membrane  of 
ail  animal  cells  is  formed  between  the  already  differentiated  and  sepa- 
rate  cytoplasm  and  karyoplasm  as  a  resuit  of  certain  activities  of  the 
chromaiin.  Polar  views  of  spermatogonia  of  Brachystola  in  meta- 
phase often  show  a  clearly  defined  hyaline  area  around  some  or  ail  of 
the  chromosomes  (fig.  23),  and  the  same  condition  is  sometimes  to 
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be  seen  in  the  anaphase,  indicating  a  tendency  of  the  nuclear  lymph 
to  accamulate  in  a  zone  around  each  of  the  chromosomes. 

Now,  in  this  case,  instead  of  an  aggregation  of  karyoplasm  into  a 
single  mass  and  a  gênerai  séparation  of  the  chromomeres  before  the 
formation  of  the  nuclear  membrane,  the  difiPerentiation  pf  the  sepa- 
rating  layer  between  cytoplasm  and  karyoplasm  must  begin  before 
the  chromosomes  become  attingent  at  the  pôles.  The  result  is  a  sepa- 
rate  membrane  around  each  of  the  little  aggregations  of  nuclear 
plasm,  and  consequently  around  each  of  the  chromosomes. 

At  this  stage,  we  hâve  a  condition  in  which  any  interchromosomic 
exchange  of  ids  is  a  physical  impossibility,  and,  if  we  follow  the  de- 
velopment  further,  we  will  be  confronted  by  conditions  strongly  in- 
dicative of  the  continued  maintenance  of  the  individuality  of  the 
chromosomes.  It  is  true  that  soon  af  ter  the  meeting  of  the  chromo- 
somes at  the  pôles  dissolution  of  the  contiguous  parts  of  ail  but  one 
of  the  vesicles  takes  place,  so  that  the  lymph  of  one  may  pass  f reely 
to  the  other  ;  but  throughout  the  whole  process  of  formation  of  the 
spiremes,  the  threads  of  the  différent  compartments  of  the  nucleus 
never  get  in  such  relations  with  each  other  that  it  would  be  possible  for 
an  id  from  a  given  point  of  one  to  pass  in  a  straight  line  to  any  but  a 
very  limited  portion  of  any  other.  If,  therefore,  an  attraction  be 
postulated  between  ids  of  différent  chromosomes,  it  would  be  difficult 
to  see  how,  by  means  of  the  forces  now  known,  or  believed,  to  he 
présent  in  cell  nuclei,  an  id  from  the  blind  end  of  one  of  the  dilations 
of  the  nucleus  will  ever  be  able  to  reach  its  mutually  attracting  id  in 
the  blind  end  of  another.  I  may  say  in  connection  with  this  point 
that  the  period  of  complète  diffusion,  when  the  interchange  might 
be  conoeived  to  be  facilitated  by  currents  within  the  nucleus,  is  so 
short  that  I  hâve  been  able  to  find  in  ail  my  material  but  a  very  few 
cells  showing  it. 

It  would  be  difficult  to  imagine  by  what  oomplex  laws  of  attraction 
a  rearrangement  of  chromomeres  or  of  ids  could  take  place  through 
the  tortuous  channels  of  the  nucleus  which  would  resuit  in  the  origi- 
nal number  of  chromosomes,  one  and  only  one  lying  in  each  of  the 
compartments  of  the  nucleus. 

I  would  conclude,  therefore,  that  the  changes  of  the  nucleus  of  the 
secondary  sperraatogonia  are  purely  metabolic  in  their  nature,  and 
that  the  individuality  of  the  chromosomes  is  maintained. 

SUMMARY. 

1.  The  testis  is  unpaired  and  is  composed  of  short,  thick  follicles 
emptying  into  a  common  collecting  duct,  which,  in  tum,  is  connected 
with  the  vas  deferens,  Inside  the  follicles  of  the  adult  testis,  the 
spermatozoa  may  be  found  in  large  numbers  at  the  end  nearest  the 
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coUecting  duct  ;  next  cornes  the  zone  of  the  spermatids,  then  the  sper- 
matocytes,  and  then,  when  they  are  présent  at  ail,  the  secondary  and 
primary  spermatogonia. 

2.  OHer  cysts  are  always  nearer  the  vas  défère  as  than  those  of  later 
development,  except  in  the  zone  of  the  spermatogonia,  the  center  of 
which  is  occupied  by  primary  spermatogonia,  while  the  cysts  of  sec- 
ondary spermatogonia  are  arranged  irregularly  between  the  latter  and 
the  foUicular  wall. 

3.  Primary  spermatogonia  divide  by  mitosis.  They  may  be  dis- 
tinguished  from  the  secondary  variety  by  their  smooth,  oval,  vesicular 
nuclei,  and  their  relatively  small  amount  of  chromatin,  as  well  as  by 
the  fact  that  they  are  disposed  irregularly  and  not  in  cysts,  as  are  the 
older  générations.  Most  of  the  primary  spermatogonia  ultimately 
produce  spermatozoa,  but  a  few  remain  in  the  restiug  stage  and,  mov- 
ing  with  the  mature  cysts  toward  the  va%  deferens,  supply  thèse  mem- 
branes with  nourishment. 

4.  In  préparation  for  the  last  division,  the  flakes  of  chromatin  of 
the  resting  primary  spermatogonial  nucleus  become  diffused  and  a 
number  of  spiremes  are  formed.  Thèse  become  shorter,  split  longi- 
tadinally,  and  then  assume  the  form  of  short  split  or  double  rods  — 
apparently  ail  alike.  There  is  no  nucleolus.  The  nuclear  membrane 
now  dissolves,  the  chromosomes  arrange  themselves  in  the  equatorial 
plate,  and  the  spindle,  wiih  its  two  tiny,  deeply-staining  centrosomes, 
may  be  clearly  seen.  The  chromosomes  next  divide  along  the  Une 
marked  ont  in  the  prophase,  and  the  halves  are  drawn  to  their  respect- 
ive pôles,  thus  producing  two  secondary  spermatogonia.  Around 
thèse  two  cells  a  membrane  appears,  forming  a  two-cell  spermatocyst. 

5.  Each  chromosome,  on  reaching  the  pôle,  begins  to  disintegrate, 
and,  at  the  same  time,  reconstructs  its  share  of  the  nuclear  membrane 
as  a  closed  vesicle  about  itself .  Later,  ail  the  vesicles  become  inter- 
coromunicating  at  their  polar  extremities,  with  the  exception  of  one, 
which  remains  absolutely  independent  throughout  its  entire  existence. 
The  chromatin  of  tho  ordinary  chromosomes  becomes  diffused  evenly 
in  the  nuclear  space,  while  that  of  the  one  in  the  separate  vesicle  (the 
accessory  chromosome)  is  deposited  upon  the  inner  surface  of  its 
capsule. 

6.  FoUowing  this,  the  chromatin  of  the  joined  vesicles  goes  through 
the  fine  and  coarse  spireme  stages,  forming  in  each  of  the  sacculations 
of  the  nucleus  a  thick,  spiral  segment  which  splits  longitudinally,  and 
af terward  becomes  a  chromosome  like  that  of  the  primary  spermato- 
gonia. The  accessory  chromosome  has  no  spireme  stage,  but  merely 
collects  in  the  form  of  a  straight  or  twisted  rod,  which  splits  after  the 
manner  of  the  others.     AU  the  chromosomes  Une  up  in  the  same  man- 


156  KÂNSAS   UNIVERSITY  QUARTERLT. 

ner  in  the  equatorial  plate,  and  in  many  cases  the  accessory  chromatin 
élément  cannot  be  distinguished  from  its  fellows. 

1,  Slightly  before  the  occurrence  of  the  longitudinal  split  of  the 
chromosomes,  the  centrosomes,  connected  by  a  minute  centrodesmus, 
appear  in  the  portion  of  the  cell  containing  the  greatest  mass  of  cyto- 
plasm,  and  slowly  move  apart  until  they  become  diametrically  oppo- 
site each  other.  About  this  time,  first  the  nuclear  membrane,  then 
that  of  the  accessory  chromosome,  is  dissolved. 

8.  The  metaphase,  anaphases  and  telophases  occur  precisely  as  in 
the  previous  division.  Thèse  prooesses  are  repeated  until  each  cyst 
contains  secondary  spermatogonia  of  the  seventh  or  eighth  génération, 
when  the  transformation  to  spermatooytes  occurs. 

9.  In  the  telophases  of  the  last  spermatogonial  division  the  saccu- 
lations  of  the  nucleus  entirely  disappear,  leaving  a  smooth,  vesicular 
membrane,  to  wliioh  the  vesicle  of  the  accessory  chromosome  is  very 
closely  applied. 
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EXPLANATION  OF  PLATES  XXXII.  XXXIII,  XXXIV,  XXXV. 

Ail  drawings  are  frora  caméra  lucida  outlines.  For  ail  except  fig.  1,  a 
B.  &  L.  ^^j-inch  oil  immersion  objective  and  a  1-inch  B.  &  L.  ocular 
were  used.  The  length  of  tlie  tube  for  ail  drawings  was  160  mm.,  and 
the  drawing-board  was  at  the  height  of  the  stage.  For  fig.  1,  a  B.  &  L. 
J-inoh  objective  was  used,  the  other  conditions  being  those  named 
above.  In  reproduction,  the  drawings  are  reduced  one-fourth,  giving 
a  final  magnification  of  375  diameters  for  fijç.  1,  and  900  for  the  others. 

Figs.  2  to  38,  inclusive,  are  numbered  as  nearly  as  possible  in 
the  order  of  their  development,  with  the  exception  that  fig.  39  i)roperly 
belongs  between  figs.  19  and  20. 

The  photomiorographs  were  made  with  a  Zeiss  2-mm.  apochromat 
objective  and  a  Zeiss  projection  eyepiece.  The  source  of  illumination 
was  the  crater  of  the  electrio  arc. 

Figs.  G  and  D  hâve  an  actual  magnification  of  728  diameters, 
and  the  remaining  figures  1120  diameters,  being  reduced  one-fifth  in 
reproduction,  from  910  and  1400,  respectively. 

Drawings  and  photomiorographs  are  by  the  author,  the  latter 
especially,  with  valuable  assistance  from  Professer  McClung. 

DRAWINGS. 
Fig.  1.  Longisection  of  blind  end  of  follicle,  showing  ail  of  spermatogonia  and 
one  cyst  {Spv)  of  spermatocjtes.  The  cyst  membranes  may  be  plainly  seen 
around  their  respective  spermatocysts;  and  between  the  latter,  the  primary 
spermatogooia  with  their  large,  vesicular  nuclei.  Many  of  the  secondary 
spermatogonia  show  the  vesicular  condition  of  the  accessory  chromosome, 
while  the  prominent  black  objects  on  périphéries  of  the  spermatocyte  nuclei 
represent  a  la  ter  stage  of  the  same.  At  r»,  n,  may  be  seen  the  nuclei  of  the 
follicular  wall. 

Fio.  2.    Resting  stage  of  primary  spermatogonium,  chromatin  arranged  in  patches 
oonnected  by  linin  threads.    Quantity  of  cytoplasm  is  unusually  large. 

Fig.  3.    Early  stage  of  development  of  primary  spermatogonium  — chromatin 
beooming  more  diif  used. 

Fig.  4.    Slightly  later  stage.    Chromatin  almost  ready  for  the  formation  of  the 
spireme. 

Ftg.  5.    Early  prophase.    A  number  of  spiremes  enclosed  in  a  single  nuclear 
membrane. 

Fig.  6.    Later  prophase.    Spiremes  short  and  thick  and  connected  by  linin  fibers. 
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FiG.  7.  Fragment  of  cell  (shown  also  in  fîg.  D),  having  chromatin  threads  split 
longitudinally. 

FiG.  8.    Late  prophase— just  before  division. 

FiGs.  9  and  10.    Oblique  sections  of  primary  spermatogonia  in  metaphase. 

Fk;.  11.    Telophase  of  primary  spermatogonium. 

FiG.  12.    Cross-section  of  **fingers"  of  nucleus  of  later  telophase. 

FiG.  1.3.  Cell  at  dividing  line  between  metaphase  of  one  cycle  and  prophase  of 
the  next.  Accessory  chromosome  shown  as  small  dense  body  on  the  right. 
As  in  fîg.  12,  the  section  is  through  the  ''fingers"  of  the  nueleus. 

FiG.  14.  Latéral  view  of  early  pro phase  of  secondary  spermatogonium,  showing 
characteristic  form  and  arrangement  of  young  spiremes. 

FiG.  1;*).  Fragment  of  secondary  spermatogonium  in  later  prophase,  showing 
the  *'hand  of  the  glove*'  containing  the  ends  of  ail  the  spiremes.  The  irreg- 
ular  body  at  the  right  is  a  portion  of  the  accessory  chromosome— the  rest 
being  eut  away.  At  A  is  a  complète  accessory  chromosome  with  its  mem- 
brane, drawn  from  another  cell  of  the  same  cyst.  Below  may  be  seen  a  per- 
sisting  spindle  between  two  neighboring  cells. 

FiG.  IG.  Longisection  of  **fingers''  of  nucleus,  showing  partition  walls  partly 
dissolved.     Accessory  chromosome  twisted  like  a  rope. 

FiG.  17.  Cell  at  a  stage  similar  to  above.  Nucleus  showing  irregular  dissolu- 
tion of  partition,  forming  a  number  of  larger  vesicles. 

FiG.  18.    Cross-section  of  *'hand"  of  nucleus,  showing  ends  of  spiremes. 

FiG.  19.     Longisection  of  sacculations  of  nucleus. 

Fi(i.  20.  Late  prophase.  Nuclear  membrane  dissolved.  Chromosomes  of  a 
homogeneous  structure.     Centrosome  and  aster  in  lower  right-hand  corner. 

Fkj.  21.  Prophase  j ust  before  division.  Chromosomes  moving  toward  equatorial 
plate.  Nuclear  membrane  dissolved.  Accessory  chromosome  still  enclosed 
in  its  membrane  and  granular  in  structure,  while  the  others  are  homogene- 
ous. At  (î  is  drawn  an  accessory  chromosome  with  its  membrane  from  an- 
other cell  of  the  same  cyst.  It  is  split  longitudinally  and  twisted  like  a 
two-strand  rope.  * 

Fi(i.  22.  Metaphase  of  secondar>'  spermatogonium.  Accessory  chromosome  in- 
distinguishable  from  its  mates. 

Fk;.  2.3.  Polar  view  of  metaphase.  Chromosomes  divided  and  ready  to  be  drawn 
apart.  Clear  areas  filled  with  karyoplasm  may  be  seen  around  the  différent 
chromosomes. 

Fk;.  24.  Anaphase.  Accessory  chromosome  distinguishable  by  its  greater 
length  and  rougher  contour. 

Fk;.  25.  Anaphase,  showing  elliptical  course  traversed  by  the  chromosomes  in 
their  course  toward  the  pôles. 

Fk;.  20.    Early  telophase,  showing  Connecting  fibers  forming  a  cylinder. 

FiG.  27.  Later  telophase.  Masses  of  chromosomes  hâve  moved  much  farther 
apart  than  were  the  centrosomes  in  the  metaphase.  Connecting  fibers  form 
a  hyperboloid,  and  each  has  developed  on  it  at  the  point  where  it  pierces  the 
partition  wall  a  email  but  deepJy  staining  enlargement. 
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Fio.  28.  Cross-section  of  spindle,  showiog  nearly  ail  the  fibers  arranged  in  an 
outer  cylinder,  a  veiy  few  heing  irregularly  disposed  within. 

FiG.  29.    Telophases,  showing  sixteen  chromosomes  in  each  daughter-celL 

Fio.  30.  Later  telophase.  Membranes  formed  and  already  fused,  producing  a 
single  sacculated  or  glove-shaped  nucleus.  Apparent  longitudinal  split  of 
chromosomes  due  to  the  fact  that  they  are  hollow. 

Fio.  31.  Two  daughter-cells,  showing  incomplète  séparation  in  halves  of  the  ac- 
cessory  chromosome.  The  partition  wall  bas  constricted  across  and  is  eut- 
ting  off  one  of  the  accessory  chromosomes  which  has  already  entered  upon 
the  vesicular  stage.  A  thickening  of  the  free  margin  of  the  partition  wall 
may  be  seen  where  it  presses  upon  the  Connecting  élément.  The  cella  hâve 
rolled  upon  one  another  so  that  they  are  now  side  by  side  instead  of  end  to 
end. 

Fio.  32.  Slightly  later  telophase,  showing  chromosomes  and  membranes  in  cross- 
section.  Some  of  the  sacculations  of  the  nucleus  appear  to  hâve  fused 
throughout  their  length. 

FiG.  33.  Telophase  of  last  génération  of  secondary  spermatogonium,  showing 
vesicular  chromosome  on  right  and  almost  complète  loss  of  partitions  be- 
tween  the  pockets  of  the  nuclear  cavity. 

Fio.  34.  Cell  in  similar  stage,  showing  vesicular  chromosome  in  cross-section. 
The  apparent  longitudinal  split  of  chromosomes  is  due  to  the  hollow  space  in 
the  middle  of  each.  Cross-hatched  body  below  nucleus  is  to  represent 
spindle  remains,  which  in  this  case  had  become  homogeneous  and  apparently 
stained  only  wlth  the  osmic  acid. 

Fio.  35.    Fragment  of  cell,  showing  entire  vesicular  chromosome. 

Fio.  36.  Late  telophase  of  last  génération  of  spermatogonia.  Accessory  chromo- 
some is  of  about  the  same  density  as  the  others,  and  is  closely  applied  to  the 
nuclear  membrane.  Spaces  between  pockets  of  nucleus  are  reduced  to  mère 
furrows  in  the  nuclear  wall.  Chromosomes  hâve  begun  to  lose  their  former 
sharp  outlines. 

FiG.  37.  Later  stage.  Accessory  chromosome  has  become  more  condensed. 
Nuclear  membrane  is  smoother  and  the  outlines  of  the  chromosomes  are 
entirely  lost. 

Fio.  38.  Early  spermatocyte,  spireme  forming.  Both  nucleus  and  cell  body 
hâve  increased  greatly  in  size.  Accessory  chromosome,  closely  invested  by 
its  membrane,  lies  partly  imbedded  in  the  nuclear  wall.  The  former  is  di- 
vided  in  the  section  and  in  its  center  may  be  seen  the  persisting  cavity  of  the 
vesicular  stage.  Cross-hatched  bodies  above  the  accessory  chromosome  are 
spindle  remains,  similar  to  those  described  for  fig.  34. 

Fio.  39.  This  figure  représente  a  stage  of  development  between  fîgs.  19  and  20. 
The  condition  of  the  chromosomes  as  almost  straight  double  rods  is  unusual. 
At  the  side  of  the  cell  opposite  to  that  occupied  by  the  centrosome  in  the 
previous  division  may  be  seen  the  centrosomes  of  the  next,  each  with  its 
aster,  and  the  two  separated  by  a  minute  centrodesmus.  The  accessory 
chromosome  does  not  appear. 

Fio.  40.    Degenerating  primary  spermatogonium,  from  center  of  young  cyst. 

Fio.  41.  Section  through  upper  portion  of  resting  primary  spermatogonium 
which  has  assumed  the  function  of  a  cyst  cell. 
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PHOTOMICROORAPH8. 

FiG.  A.  View  of  a  portion  of  follicle  near  its  edge.  Just  above  the  lower  fourth 
of  the  picture  may  be  seen  the  follicular  wail.  In  the  lower  fourth  is  the 
connective-tissue  investment  of  the  testis.  The  large  cell  in  the  center  is  a 
secondary  spermatogonium  in  prophase.  At  x  is  the  aocessorj  chrcftnosome, 
twisted  like  a  oorkscrew,  and  enclosed  in  its  own  membrane.  To  the  left  is 
a  very  early  prophase;  below  and  at  the  upper  right  hand  are  later  ones: 
and  below  and  above,  to  the  left,  are  prophases  of  primary  spermatogonia. 
The  cyst  walls  are  not  in  focus. 

FiG.  B.  Above  are  secondary  spermatogonia  in  metaphase  and  anaphase;  zones 
of  clear  karyoplasm  may  be  seen  aronnd  most  of  the  chromosomes.  Below 
and  to  the  right  are  secondary  spermatogonia  in  tielophase,  showing  the 
sacculated  nucleus.  To  the  left  of  thèse  are  two  primary  spermatogonia  in 
resting  stage. 

FiG.  E.    Metaphase  of  secondary  spermatogonium. 

FiG.  G.  Young  cyst  of  secondary  spermatogonia  with  degenerating  primary 
spermatogonium  in  the  center.  Cells  of  upper  half  are  in  anaphase  ;  those  of 
lower  half,  in  middle  or  late  telophase  :  h  marks  a  chain  of  spindle  remaîns 
extending  through  three  cells.  On  the  left  is  the  follicular  wall,  within 
which  is  the  cyst  membrane— the  latter  being  plainly  visible  entirely  around 
the  cyst. 

FiG.  H.  Primary  and  secondary  spermatogonia.  Above  is  the  cell  shown  in  fig. 
18.  Below  and  to  the  left  is  a  secondary  spermatogonium  in  late  prophase. 
To  the  right  is  a  primary  spermatogonium  in  prophase,  and,  below  this,  an- 
other  in  metaphase. 

Fig.  C.    Mass  of  primary  spermatogonia.     Cell  in  the  center  is  in  late  prophase. 

Fig.  D.  Primary  and  secondary  spermatogonia.  At  the  upper  right  hand  is  a 
cyst  of  secondary  spermatogonia,  while  a  corner  of  a  similar  one  may  be  seen 
just  below.  The  remaining  cells  are  primary  spermatogonia.  To  the  left  of 
the  center  may  be  seen  the  cell  from  which  fig.  7  was  drawn.  In  the  lower 
right-hand  corner  is  a  resting  stage,  and,  to  the  left  of  this,  the  metaphase 
of  which  fig.  10  is  a  drawing.  At  a  is  an  open  space  formed  by  the  sépara- 
tion of  the  cell- wall  from  its  enveloping  capsule,  forming  the  earliest  mani- 
festation of  the  future  cyst  membrane. 

Fig.  F.  Telophases  of  secondary  spermatogonia.  At  .r  is  the  vesicular  chromo- 
some. 

Fig.  I.  Diaster  of  secondary  spermatogonia.  Below,  an  early  anaphase.  In 
the  lower  left-hand  corner,  a  primary  spermatogonium  in  prophase. 

Fig.  J.  Telophases  of  secondary  spermatogonia.  At  x,  x,  are  vesicular  chromo- 
somes. At  8,  a  persisting  spindle,  with  thickenings  upon  the  fibers  where 
they  pierce  the  cell- walls.  The  spindle  passes  through  the  edge  and  not  the 
center  of  the  partition  wall. 


ANNOTATED  LIST  OF  THE  MINEBALS  OCCUBRING  IN  THE 
JOPLIN  LEAD  AND  ZINC  DISTBICT. 

BY   AUSTIN   P.   RCXJERS* 

npHE  minerais  of  the  lead  and  zinc  district  of  southeastern  Kansas 
-*-  and  southwestem  Missouri,  commonly  called  by  the  name  of  its 
metropolis,  the  Joplin  district,  hâve  received  but  oomparatively  little 
attention.  The  foUowing  list,  which  is  thought  to  be  praotically 
complète,  includes  ail  the  minerais  that  hâve  been  reported  from  the 
district,  together  with  some  hère  mentioned  for  the  first  time.  The 
minerais,  with  a  few  exceptions,  hâve  been  personally  collected  by 
the  writer.  Différent  lists  of  the  minerais  of  the  région  hâve  been 
published  in  geological  survey  reports  and  elsewhere,  the  largest  of 
which  has  but  twenty-one  names,  whereas  the  list  bere  given  includes 
forty-three. 

The  minerais  are  arranged  alphabetically.     Those  new  for  the  dis- 
trict are  indic^ted  by  f.    A  fuller  discussion  of  the  latter  follows  the 
*  list  proper.    Minerais  indicated  by  J  hâve  been  found  in  or  about 
Gralena,  and  are  therefore  new  for  Kansas,  having  never  been  reported 
from  the  state. 

1.  Allophane.fX 

2.  Aluminite,  as  a  white  incrustration  on  limestone  at  Joplin. 
Reported  by  Prof.  H.  A.  Wheeler. 

3.  Angles Ite. 

4.  Aurichalcite.X  Pale  bluish-green  tufts  with  velvety  surface, 
associated  with  malachite.     Found  at  Granby,  Mo.,  and  Galena,  Kan. 

5.  Azurlte,    A  very  rare  minerai  in  the  district. 

6.  Barite, 

7.  Bitunien,  Plentif  ul  at  Joplin  and  Webb  City  ;  very  rare  at 
Galena. 

8.  Calamine.  Some  crystals  from  Granby  exhibit  both  the  analo- 
gous  and  antilogous  ends,  commonly  as  botryoidal  and  stalactitio 
incrustations  ;  also  pseudomorphous  af  ter  calcite  and  dolomite,  espe- 
cially  at  Granby. 

9.  Calcite.    Very  interesting  from  a  crystallographic  standpoint. 
10.    Caledmiite.-fX 

^Pnblished  by  permisfdon  of  the  direotor  of  the  University  Geological  SurTey  of  Kansae  in 
adTance  of  final  report  on  lead  and  aine. 

ll61]-K.U.Qr.-A  ix  2-AprU,  '00. 
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11.  Cerussite,  Sîx-rayed  stellate  twins  are  not  uncommon  ;  occurs 
as  a  pseudomorph  after  galena. 

12.  Chalcopyrite,  Rather  common,  but  never  in  large  quantities. 
Almost  invariably  exista  as  orystals  of  the  tetragonal  sphenoid,  with 
a  tetrahedrid  aspect. 

13.  Chrysocolla.fX 

14.  Copiapite.fX 

15.  Covellîte.fX 

16.  Cuprite.fX 

17.  Dolomite.  As  white  or  pink  rhombohedral  crystals  with  the 
characteristio  curved  faces.  Very  common  at  Joplin  ;  much  less  so 
at  Galena. 

18.  Oalena,  Lamellar  twinning  is  very  common  in  the  galena  of 
the  district.  The  twinning  planes  are  several  vicinal  trigonal  trisoc- 
iahedra  with  high  indices,  near  the  rhombio  dodecahedron  in  posi- 
tion. 

19.  Ooslarite,  Occurs  as  a  white  fibrous  product  resulting  from 
the  oxidation  of  the  white  amorphous  zinc  sulfid,  found  on  the  Moll 
tract  at  Galena. 

var.  Ferrogoslavîte,  Described  by  H.  A.  Wheeler,  from  Webb 
City,  as  a  brown  stalactitic  incrustation  in  abandoned  zinc  mines. 
Con tains  4.9  per  cent.  FeSO^. 

var.  Cuprogodarlte,  Described  by  the  writer*  from  Galena/ 
where  it  occurs  as  a  light  greenish-blue  incrustation,  associated  with 
sphalerite  and  chalcopyrite,  by  the  oxidation  of  which  it  was  doubt- 
less  produced.     Contaius  12.48  per  cent.  CuSO*. 

20.  Oreenocklte.  A  greenish-yellow  coating  on  sphalerite.  Ver}- 
rare. 

21.  Gypsum.f 

22.  Ilematite.f 

23.  Hydrozhicîte.  A  white  amorphus  incrustation,  associated 
with  calamine  and  smithsonite,  often  as  a  thin  layer  between  the  two. 
Found  at  Granby, 

24.  Kaollnite.f 

25.  Lead/ifllite.  FuUy  described  by  Pirsson  and  Wells**  as  pale 
green  monoclinic  crystals  with  hexagonal  aspect,  from  the  "Béer 
Cellar"  mine  at  Granby.  Also  pseudomorphous  after  calcite  and 
galena. 

26.  Limon ite.  This  minerai  occurs  pseudomorphous  after  pyrite, 
marcasite,  and  chalcopyrite. 

27.  Lhiarife,fX 

28.  Malachite,     Rather  common  throughout  the  district. 

•This  journal,  vol.  VIII.  pp.  105. 106. 1899. 
♦•Amer.  Journ.  Sci.,  vol.  XLVIII  (3),  p.  219. 1S94. 
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29.  Marcasite,    Twins  are  abondant,  among  them  cyclio  fivelings. 

30.  Melanterite.  White  crystalline  powder  produced  by  the  oxi- 
dation  of  pyrite  or  marcasite. 

31.  Mimetite,  Reported  by  Dr.  W.  P.  Jenney  as  a  thin  crystal- 
Une  coating  on  galena,  ai  Seneca,  Newton  county,  Missouri. 

32.  Muscovite,f 

33.  Opal,  var.  Tripoli,  as  extensive  beds  of  soft,  massive,  white  to 
buflF-colored  material. 

34.  Pyrite,    Quite  common,  but  not  as  abundant  as  marcasite. 

35.  Pyrolusile.f 

36.  Pyromorphite^X  Small  grass-green  prismatîc  orystals  and 
coating  on  chert.  Found  at  Granby,  Joplin,  and  Galena.  At  Granby 
it  is  pseudomorphous  af  ter  galena. 

37.  Quartz.  The  crystals  are  usually  very  small,  but  some  from 
Granby  and  Wentworth  measure  two  and  one-half  cms.  in  the  direc- 
tion of  the  vertical  axis. 

38.  Smithsonite.  In  small  crystals,  with  rounded  faces,  but  more 
of  ten  as  stalactitic  and  botryoidal  forms  ;  also  pseudomorphous  af  ter 
calcite  and  dolomite,  especially  at  Granby. 

39.  Sphalerite.  A  white  amorphous  of  zinc  sulfid  was  described 
by  Robertson,*  from  Galena  and  near  Joplin. 

40.  Sulfur.\ 

— .    Tripoli,    See  Opal. 

41.  Vivianite.  Reported  by  Dr.  G.  Hambach  as  blue,  earthy  pow- 
der from  Joplin. 

42.  Wavellite.  Reported  by  Dr.  G.  C.  Broadhead  as  small,  white, 
radiating  crystals  on  chert  from  Jasper  county. 

43.  Wurtzite,  Small  hexagonal  crystals  on  stalactitic  sphalerite, 
at  Joplin.     By  whom  first  found  is  not  known  by  the  writer. 

44.  Chalcanthite.  The  writer  has  recently  found  this  minerai  at 
the  Irène  Mining  Company's  mine,  in  Empire  City,  Cherokee  county, 
Kansas.  It  occurs  as  small  blue  columnar  crystals,  associated  with 
sphalerite,  pyrite,  and  chalcopyrite,  and  is  doubtless  the  resuit  of  the 
oxidation  of  the  latter.  The  spécimens  were  found  on  the  dump 
piles,  but  the  miners  say  that  the  minerai  is  frequently  observed  on 
material  just  after  it  is  hoisted  from  the  shaft. 

Allophane  ?  A  hydrous  aluminium  silicate  related  to  allophane  in 
composition  occurs  at  the  "Big  Coon"  mine  and  at  the  mine  of  the 
Dearbom  Mining  Company,  at  Galena,  Kan.  The  minerai  appears  as 
a  thin  incrustation,  often  with  a  botryoidal  surface,  associated  with 
sphalerite,  chert,  and  a  soft,  clay-like  material.  It  is  amorphous,  col- 
orless  to  light  brown  or  green,  subtranslucent  to  translucent,  with  res- 

•Amer.  Jonrn.  Soc,  toI.  XL  (8),  pp.  160, 161, 1890. 
l»-K.U.Qr.    A-U2 


164  KANSAS   UNIVERSITY  QUARTERLY. 

inous  luster,  and  bas  very  much  the  appearance  of  gum  arabio.  In 
physical  characters  agrées  very  well  with  the  description  of  schoetter- 
ite,  but  is  quite  différent  in  chemical  composition.  Mr.  C.  A.  Wol- 
faith,  superintendent  of  the  Dearborn  mine,  kindly  fumished  the 
material  for  analysis.  An  analysis  gave  the  foUowing,  which  is  the 
meanoftwo  déterminations:  AUOa,  (41.66);  SiOa,  24.76;  H»0,  33.58; 
total,  100.00.  Spécifie  gravity  =  1.94.  The  silica  percentage  is  rather 
high  and  the  water  percentage  rather  low  for  allophane,  but  it  is  much 
nearer  that  minerai  than  any  other,  and  so  is  ref erred  to  it  with  a  query. 

Caledonite.  Occurs  in  very  small  quantities  as  a  green  crystalline 
coating,  associated  with  linarite,  aurichalcite,  and  cerussite  (with  a  lit- 
tle  unaltered  galena),  at  the  "Big  Coon''  mine,  Qalena.  Heated  in 
the  closed  tube,  becomes  black  and  gives  ofiF  water.  Reacts  for  Pb, 
Cu,  and  SO4.  Soluble  in  nitric  acid,  leaving  a  white  residue  of  lead 
sulfate.  Has  been  reported  from  but  two  or  three  localities  in  the 
United  States. 

Chryaocolla,  This  minerai  occurs  as  thin  seams  of  the  charaoteris- 
tic  bluish-green  color  associated  with  other  copper  minerais  at  the  "  Big 
Coon"  mine,  Galena. 

Copiapite.  A  basic  ferrie  sulfate,  referred  to  copiapite,  occurs  as  a 
yellow  crystalline  incrustation  on  pyrite  at  Galena  and  at  Cave 
Springs,  Mo.,  being  especially  abundant  at  the  "Pilgrim"  mine  at  the 
latter  locality,  where  it  occurs  on  the  walls  of  a  cave-in. 

Covellite,  The  sphalerite  from  the  "Big  Coon"  mine  is  often 
coated  with  a  bluish-black  substance,  which  is  seen  to  penetrate  the 
oleavage  faces  for  a  considérable  distance.  This  minerai  it  is  thought 
is  covellite,  as  it  agrées  with  it  in  physical  characters  and,  as  far  as 
can  be  determined,  in  chemical  composition.  It  seems  probable  that 
a  metathetic  reaction  has  taken  place  between  zinc  sulfid  and  copper 
sulfate,  thus:  ZnS  +  CuSOé  =  CuS  +  ZnSOi.  Such  a  reaction  does 
take  place  when  sphalerite  is  heated  in  a  closed  tube  containing  a 
solution  of  copper  sulfate  at  a  température  of  200  degrees,  as  experi- 
ments  by  the  author  show.  Given  sufficient  time  and  favorable  con- 
ditions,  may  not  this  reaction  hâve  taken  place  without  the  high 
température  ?  Exterior  to  the  covellite  is  often  malachite,  which  is  a 
further  product  of  the  décomposition  of  the  covellite.  Hère,  then,  we 
hâve  covellite  and  malachite  pseudomorphous  af ter  sphalerite. 

Cuprite,  Cuprite  was  observed  as  a  central  core  surrounded  by 
malachite,  from  which  the  latter  was  evidently  formed.  The  cuprite, 
it  is  believed,  is  also  secondary,  and  probably  has  been  formed  from 
chalcopyrite,  which  seems  to  be  the  only  original  copper  minerai  of 
the  région.    This  opinion  is  largely  suppositions,  as  there  is  no  evi- 
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dence  that  the  cuprite  bas  been  derived  from  any  preexisting  minerai, 
as  far  as  the  examination  of  the  spécimens  shows. 

Chypsum.  Crystals  of  this  minerai  are  foand  in  bituminous  shale, 
probably  of  Coal  Measare  âge,  on  the  Mastin  groand,  southwest  of 
Ghdena  ;  also  of  récent  origin,  coating  the  chert  in  old  dump  piles. 

Hématite,  Occors  as  a  thin,  black,  botryoidal  incrustation  and 
soft  red  stain  on  chert  in  Cooper  HoUow,  G-alena. 

Kaolinite.  Fonnd  as  a  thin  white  coating  on  micaceous  shale  at 
Cave  Springs,  Mo.;  also  as  powder  in  oavities  in  chert  at  the  "Tree 
Toad"  mine. 

Linarite.  A  minerai  answering  the  tests  of  linarite  was  found  in 
very  small  quantities  at  G-alena.  It  is  azure-blue  in  color,  with  vitre- 
oas  luster,  and  reacts  for  lead,  copper,  and  suif uric  acid  ;  gives  ofiF 
water  and  loses  its  color  when  heated  in  closed  tube  ;  soluble  in  nitric 
acid,  leaving  a  white  residue  of  lead  sulfate.  It  is  associated  with 
cerussite  and  malachite  as  a  thin  layer  between  them.  Linarite  seems 
to  bave  been  reported  from  but  two  other  localities  in  this  country  — 
at  the  Cerro  G-ordo  mines,  Inyo  county,  Califomia,  and  Organ  moun- 
tains,  near  Las  Cruces,  N.  M. 

Muscovite,  Occurs  as  crystalline  scales  in  shale  at  the  Cave  Springs 
mines  and  is  no  doubt  of  secondary  origin. 

Pyrolusite.  A  soft,  black  minerai  from  a  shaft  west  of  "Black 
Hill,"  in  the  western  part  of  G-alena,  is  probably  pyrolusite.  It  has  a 
botryoidal  surface  ;  the  streak  is  black  with  submetallio  luster.  Re- 
acts for  manganèse  and  in  the  closed  tube  gives  ofiF  a  small  amount  of 
water,  as  pyrolusite  often  does.  Dendritic  markings  on  the  chert  at 
Granby  may  probably  be  referred  to  this  minerai. 

Sulfur,  This  minerai  was  found  as  minute  crystals  and  as  a  thin 
crystalline  coating  on  cleavage  surfaces  of  galena.  Galena  in  de- 
composing  ordinarily  gives  rise  to  the  carbonate,  cerussite,  passing 
perhaps  through  the  intermediate  stage  of  the  sulfate,  the  suif ur  be- 
ing  oxidized.  The  sulfur  in  the  occurrence  hère  described  was  not 
oxidized,  but  set  free,  remaining  as  the  native  élément.  Sulfur  was 
also  observed  in  cavities  in  sphalerite,  as  before  in  very  small  quan- 
tities. Both  the  galena  and  sphalerite  thus  associated  are  from  the 
"Bonanza"  ground,  northwest  of  Galena.  As  far  as  can  be  leamed, 
this  is  the  first  notice  of  native  sulfur  derived  from  sphalerite. 

MniSBAiiOoiCAL  Labobatobt,  Unitsbsitt  of  Kanbah,  Mat  1,  1900. 


PLATE  XVIII. 

Fig.  l.—Chionaspis  ortholohia  Coin8tx>ck,  on  Salix  sp.  Anal  plate  of  fe- 
male,  showing  somewhat  irregular  position  of  dorsal  glands. 

Fig.  2,—Ch%ona9pi9  ortholobis  Comstock,  on  cottonwood,  Populue  sp.  Anal 
plate  of  female,  illustrating  variations  in  second  and  third  lobes.  The  dorsal 
glands,  second  and  third  rows,  in  this  figure,  as  in  figure  1,  are  shown  beneath 
the  circumgenital  glands.  Thèse  are  frequently  located  laterad  of  circumgenital 
glands. 
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Fiff.  1. 


BUa  Weekê,  del,  ad  naU 


Fiff.  2. 


PLATE   XIX. 

Fig.  h—Chionaspiê  aalicië-nigrœ  Walsh,  on  Salix  sp.  Anal  plate  of  fe- 
male. 

Fig.  ^.—Chionaapiê  americana  Johnson,  on  Ulmus  americana.  Anal 
plate  of  female.  (a)  Variation  in  margin  of  médian  and  second  lobe  ;  (6)  illus- 
trates  marginal  variations  and  forked  plates. 
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PLATE  XIX. 


Fig.  1. 


Klla  Wetkf,  deU  ad  nat. 


Fig.  2. 


PliATE   XX. 

Fig.  l.—Chionaspi8  platani  Cooley,  on  sycamore,  Platanus  occidentalis. 
Anal  plate  of  female. 

Fig.  2,—Chiona8pi8  pini/oliœ  Fitch,  on  Pintts  sp.    Anal  plate  of  female. 
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Fig.  I. 


Ella  WeekM,  del,  ad  nat. 


Fig.  2. 


PLATE  XXI. 

Fig.  1,—Pulvinaria  innumerabiliê  Rathv.     Leg  and  antenna  of  female. 
Greatly  enlarged. 

Fig.  2,—Pulvinaria  innumerabilia  Rathv.    Âdult  female  on  twig,  the  c»t- 
tony  oovering  of  the  egg  mass  frayed  by  the  weather.    Enlarged. 

Fig.  3. — Pulvinaria  prunij  n.  sp.    Sketch  of  nymph,  jts  antenna,  and  leg^ 
at  time  of  location  upon  the  plum  leaf.    Enlarged. 
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Fig.  1. 


FJK,  2. 


Ella  Weekt,  del,  ad  nat. 


PLATE  XXII. 

Pulvinaria  pruni,  d.  sp.,  on  leaves  and  twig  of  plutn.  Adult  females,  be- 
ing  much  recurved  and  shriveled,  do  not  show  clearly  at  the  ends  of  the  cottony* 
egg  masses. 
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From  a  photograph. 


PliATE  XXIII. 

Fig.  1. — Pulvinaria  pruni,  n.  sp.    Antenna.    ADterior(i4),  médian  (B),  pos- 
terior  (C)  legs  of  adult  female  on  leaves  of  plum.    Greatly  enlarged. 

Fig.  2. — Antenna.  Anterior  {A),  médian  {B)^  posterior  (C)  legs  of  adult  female 
on  plum  twigs.    Greatly  enlarged. 
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Fig.  1. 


Ella  Week»,  del,  ad  naf. 


Fiff.  2. 


PliATE  XXIV. 

Fig.  1,—Parlaioria  pergandei  Comstock,  on  orange ,  Citrua  Bp. 

Fig.  2.— (a)  Parlatoria  pergandei,    First,  second,  third  and  fourth  lobes, 
with  variations.    (6)  Parlatoria  proteus  Curt.,  on  Pinus  insignia. 

Note  the  variation  in  the  papillar  fourth  lobe  of  pergandei,  and  présence  of 
plate  beyond  fourth  lobe  ol  proteus. 
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Kilo,  Weelu,  del.  ad  nat. 


FiK.  2. 


PL,ATE    XXV, 

Belemnitca  denaus  Meek  and  Hayden. 

Fig.  1.— View  of  three  young  individuals. 

Vermea. 

Fig.  2.— Sandstone  oontaining  worm  borings. 

Pentacrinua  aatericua  Meek. 

Fig.  4.— Stem  enlarged  (after  Clark). 
Fig.  5.— Articulating  surface  (after  Clark). 
Fig.  6.— Stem  with  cirri  (after  Clark). 
Fig.  7.— View  of  cirrus  (after  Clark). 

Aateriaa  dubittm  Meek. 

Fig.  4. — View  of  upper  surface. 

Cardinia  wyomingenaia,  n.  sp. 
Fig.  8.— Exterior  view  of  valve. 
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PLATE    XXVI. 

Goniomya  triontanaenais  Meek. 
Pig.  1. — Exterior  view  of  valve. 

Ooniomya,  sp. 

Fig.  2. —View  of  incomplète  spécimen. 

Belemnite8  curtua^  n.  sp. 

Fig.  3.— Spécimen  split  to  show  the  structure. 

Pleurom,i/a  subcompressa  Meek. 
Figs.  4,  7,  8.— Three  views  of  shell. 

Pholadoinya  robusta,  n.  sp. 

Figs.  5,  6. — Views  of  two  individuals. 

Bêle  milites  densus  Meek  and  Hayden. 
Fig.  9.— View  of  average-size  spécimen. 
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PL.ATE    XXVII. 

Cordioceraa  cordiforme  Meek. 

Figs.  1-11. — Views  represeoting  stages  of  growth. 
Pig.  12.— View  of  adult. 

Aatarte  packardi  White. 

Fig.  13.— Interior  view  of  valve. 
Fig.  14.— Exterior  view  of  valve. 
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PliATB    XXVIII. 

Ontrea  nfrigifecula  White. 

Figs.  1,  8,  5.— Views  of  variety  I. 
Figs.  3,  4.— Views  of  variety  II. 
Fig.  6.— View  of  variety  III. 

Ontrea  îienna^  n.  8p. 

Fig.  7. — View  of  fragment,  the  type. 

Onfrea  comoensin^  n.  sp. 

Fig.  9.— Interior  view  of  valve. 

(Mrea  sp. 

Fig.  8.— View  of  fragment. 

A  vicuia  beedei,  n.  sp. 

Fig.  10. — Exterior  viewof  ?al?e. 

Tancredia  bulbona  Whitfield. 

Figs.  11, 12.— ViewB  of  right  and  left  valves. 
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PLATE    XXIX. 

Pinnat  sp. 

Figs.  1,  2. — Views  of  two  incomplète  spécimens. 

Pinna  kingi  Meek. 

Figs.  3,  6.— The  latter,  a  view  of  a  nearly  complète  spécimen» 

Belemnites  curtus^  n.  sp. 
Fig.  4. — Exterior  view. 
Fig.  5.— Phragmacone. 
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PLATE    XXX. 

Tancredia  magna,  n.  sp. 

Fig.  1. — View  of  incomplète  spécimen. 

Lima  lata  f,  n.  sp. 

Fig.  2. — Exterior  view  of  incomplète  spécimen. 
Fig.  3.--Interior  view  of  beak. 

Belemnitee  curtue,  n.  sp. 
Fig.  4. — Exterior  view. 

Pneudomonotis  curta  Hall. 

Fig.  5. — Exterior  view  of  left  valve. 

Avicula  maoronotua  Meek. 

Fig.  6.— Beak  portion  protuding  from  sandstone. 

Camptonectea  bellistriatue  Meek. 
Figs.  7,  8. — Two  views  of  left  valve. 
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Valvata  leeif  d.  ap. 

FigB.  1,  2,  3.— Three  views  of  shell. 

Unio  baileyi^  d.  sp. 

Figs.  4,  6,  8,  11.— Views  of  four  iDdividuals. 

Unio  knightt,  d.  sp. 

Figs.  7,  9.— Two  views  of  speolmen. 

Unio  willistonif  n.  sp. 

Fig.  10.— View  of  type  speoimen. 

Planorbis  t^ctermis  Meek. 

Fig.  5.— Upper  view  of  shell. 
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COLLATERAL  CIRCULATION  IN  THE  CAT  AFTER 
LIGATION  OF  THE  POSTCAVA. 

BY    IDA    H.  HYDB. 
With  Plate  XXXVI. 

In  a  thesis  written  in  1891,*  I  compared  the  azygos  venous 
System  of  lower  animais  with  that  of  man.  It  was  held  at  that 
time  that  the  azygos  veia  in  the  cat  could  not  be  traced  beyond 
the  diaphragm.  In  a  chapter  relating  to  the  venons  System,  it 
is  true,  St.  George  Mivart,  in  his  **Anatomy  of  the  Cat,"  says 
that  ''the  distribution  of  the  azygos  vein  in  the  cat  is  the  same 
as  that  in  man.''  This  statement  is  incorrect,  as  can  be  readily 
seen  by  the  dissection  of  more  than  one  cat,  for  that  animal 
possesses  only  a  right  azygos,  which,  differing  in  its  distribution 
more  or  le^s  in  almost  every  cat  dissected,  does,  as  my  work 
proved,  and  is  now  stated  in  the  last  édition  of  Wilder  and 
Gage's  Anatomicaï  Technology  and  other  revised  éditions  of 
anatomies,  arise  in  the  lumbar  région. 

The  azygos  vein  and  its'hranches  constitute  a  system  of  great 
importance.  It  assists  in  maintaining  the  circulation  through 
the  spinal  plexuses,  and  not  only  forms  a  Connecting  link  be- 
tween  the  pre-  and  postcava,  but  can,  as  I  shall  show,  main- 
tain,  if  necessary,  the  circulation  of  the  blood  through out  the 
body  when  the  postcava,  from  pathological  or  other  causes,  is 
prevented  from  sending  its  blood  into  the  heart.  Inasmuch  as 
the  azygos  distribution  has  not  been  described  in  détail  in  any 
of  the  text-books,  I  shall  state  its  distribution  in  the  briefest 
manner,  to  aid  in  a  better  understanding'of  its  relation  to  the 
venous  System. 

♦Now  in  the  library  of  Corcell  University. 
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At  the  base  of  the  skuU  communicating  branches  exist  be- 
tween  the  spinal  plexuses  and  vena  vertebralis.  The  latter, 
in  turn,  connects  through  the  superior  intercostal  with  the 
azygos  directly,  or  when  the  vertebralis  and  the  superior  in- 
tercostal are  both  connected  witli  the  innominate^  then  indi- 
rectly  through  it. 

From  the  posterior  région,  the  blood  reaches  the  azygos 
through  vessels  from  the  muscles  and  walls  of  the  sacral  and 
lumbar  régions  that  enter  the  spinal  plexuses,  and  through  the 
three  commonly  four-forked  lumbar  veins,  which  furthermore 
establish  circulation  between  the  postcava  and  azygos,  when 
the  latter  arises  from  a  network  or  longitudinal  vessels  Connect- 
ing the  lumbar  with  each  other  and  the  spinal  veins,  or  directly 
from  one  of  the  lumbar  veins. 

At  the  first  lumbar  vertebra,  the  azygos  possesses  a  valve  and 
enters  a  foramen,  presenting  the  appearance  of  suddenly  com- 
ing  to  a  limit.  It  reçeives,  however,  among  others,  tributaries 
from  vessels  of  the  diaphragm,  adrenal,  ileo-lumbar,  inter- 
costal, and  often  a  large  vein  from  the  first  lumbar. 

It  is  évident  that  the  postcava  and  azygos  are  mutually  dé- 
pendent and  suppleraentary,  and  that  if  for  any  cause  the  post- 
cava should  be  obstructed  anywhere  in  its  course,  the  blood 
would  be  returned  to  the  heart  by  the  azygos  through  the  inter- 
vention of  the  lumbar  veins  and  spinal  plexuses.  The  latter 
practically  establish  communication  between  veins  of  the  body 
throughout  the  extent  of  the  spine. 

It  was  of  interest  to  test  the  correctness  of  this  assertion  ; 
then,  too,  the  facts  connected  with  such  an  opération  seemed 
sufficiently  important  to  warrant  its  undertaking. 

The  first  experiments  were  performed  on  kittens  two  days 
old.  It  was  thought  that  animais  at  this  period  of  growth, 
with  immature  arrangement  of  vessels  Connecting  with  those  of 
the  liver,  would  more  readily  adapt  themselves  to  the  altered 
conditions  introduced  by  the  experiment.  On  the  other  hand, 
the  chances  of  keeping  them  alive  are  lessened  even  by  feeding 
them  with  warm  sterilized  milk.  In  regard  to  this  question, 
however,  too  few  opérations  were  made  on  such  young  kittens 
to  justify  drawing  a  definite  conclusion. 

From  a  litter  of  four  kittens  three  days  old  one  was  kept  for 
a  control  experiment  ;  the  remaining  three  were  anaesthetized. 
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kept  warm,  and  operated  on  with  aseptic  précautions.  An  in- 
cision was  made  to  the  right  of  the  médian  abdominal  wall,  the 
intestines  laid  ont  on  warm,  moist,  sterilized  cotton,  and  the 
postcava  exposed.  It  was  ligated  anterior  to  the  entrance  of 
the  right  rénal  vein,  the  wound  sewed,  and  covered  with  coUo- 
dion.  Within  four  days  the  kittens  were  dead.  The  post 
morlem  showed  that  peritonitis  had  set  in,  but  a  comparison  of 
the  blood-vessels  with  those  of  the  unoperated  kitten  showed 
différences  which  encouraged  the  continuation  of  the  investiga- 
tion. 

Kittens  a  few  weeks  dlder  were  similarly  operated  on,  and  ail 
died  within  four  days  from  peritonitis  (purulent?).  The  re- 
maining  experiments  were  performed  on  older  kittens,  with 
greater  aseptic  précautions.  I  shall  describe  the  condition  of 
one  of  those  that  had  the  postcava  ligated  below  the  liver,  about 
one  centimeter  anterior  to  the  entrance  of  the  right  rénal  veïn, 
and  which  gave  successful  results. 

On  March  27  I  operated  on  a  young  cat  that  had  not  been 
fed  for  sixteen  hours.  During  the  two  days  that  foUowed  the 
cat  remained  inactive,  sleeping  most  of  the  time,  and  refused 
food.  The  third  day  it  walked  slowly  about  and  lapped  milk. 
The  seventh  day  it  was  more  active,  but  its  walk  was  abnormal  ; 
the  hind  legs  were  not  raised  from  the  ground,  but  dragged 
along  ;  this  was,  no  doubt,  due  to  the  wound  and  to  the  altered 
circulation.  At  the  end  of  the  second  week  it  ran  actively  about 
and  seeraed  quite  normal  in  every  respect,  and  the  wound  had 
entirely  healed. 

Four  weeks  after  the  opération,  the  animal  was  chloroformed, 
its  venons  System  injected  with  colored  starch,  from  the  fémoral 
vein,  and  compared  with  that  of  a  normal  cat  of  equal  pro- 
portion likewise  injected.  In  comparing  the  venons  System  of 
the  operated  cats  with  that  of  the  unoperated,  the  most  striking 
différences  were  the  great  increase  of  small  vessels  in  the  ligated 
area,  the  large  size  of  the  lumbar,  ileo-lumbar,  adrenal,  superior 
intercostal,  azygos  and  two  longitudinal  intraspinal  or  me- 
ningo-rachidian  veins. 

The  cavity  of  the  postcava  was  obliterated  by  the  growing 
together  of  the  walls  at  the  place  of  ligation.  Some  small  an- 
astomosing  vessels  had  developed  between  the  postcava  anterior 
and  posterior  to  the  ligature,  between  the  postcava  and  the 
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adreno-lumbalis,  the  right  renal  and  adrenal,  left  rénal  and 
postcava,  and  the  lumbar  azygos  and  adrenal.  (See  plate 
XXXVI,  6,  m.) 

The  adreno-lumbalis  of  the  right  side  emptied  into  the  post- 
cava  one  centimeter  above  the  ligature.  It  wa8  very  large,  as 
was  also  the  ileo-lumbalis,  which  sent  numerous  tributaries  to 
the  latéral  abdominal  wall  and  psoas  muscles,  some  of  its 
branches  opening  into  the  postcava  below  the  ligature,  others 
into  .the  iliac  and  ascending  vessel  that  gave  rise  to  the  azygos. 

On  the  left  side  several  large  branches  arose  from  the  adreno- 
lumbalis,  which  connected  on  this  side  with  the  renal  vein. 
The  largest  of  its  branches  extended  anteriorly  along  the  side 
of  the  wall,  to  empty  into  the  azygos  near  the  first  lumbar. 
Another  vessel  that  emptied  hère  was  distributed  in  the  dia- 
phragm;  while  others  that  are  found  in  the  latéral  wall  con- 
nected with  the  postcava  above  the  ligature. 

Near  the  heart  the  azygos  was  about  four-fifths  the  size  of 
the  postcava,  while  in  the  normal  cat  it  is  from  one-half  to 
two-thirds  the  size.  The  four  lumbar  and  superior  intercostals 
were  larger  than  normal. 

From  a  study  of  the  changes  instituted  by  the  ligation  of  the 
postcava,  there  seems  to  be  a  tendency  to  establish  connections 
between  the  two  parts  of  the  cava  separated  by  the  ligature. 
This  is  seen  in  the  development  of  the  numerous  tortuous 
anastomosing  vessels  between  the  separated  parts  as  well  as  be- 
tween branches  of  vessels  that  empty  into  them.  It  requires 
further  study  to  détermine  whether  thèse  vessels  developed 
from  capillaries  into  veins,  or  arose  as  new  tributaries  from  ex- 
isting  veins. 

It  is  seen,  moreover,  that  the  tendency  is  to  return  the  blood 
to  the  heart  through  the  most  direct  path  of  least  résistance. 
The  blood  entering  the  postcava  below  the  ligature  passes 
through  the  lumbar  veins  into  the  spinal  sinuses  and  origin  of 
the  azygos  vein,  or  directly,  from  the  postcava  through  the 
lumbar  veins  to  the  azygos.  Then,  too,  the  paths  conveying 
blood  from  other  abdominal  régions  to  the  thoracic  azygos  we 
saw  were  strengthened.  It  is  évident  that  the  azygos  lias 
risen  in  importance,  receiving  now  from  ail  possible  directions 
most  of  the  blood  that  is  to  be  returned  to  the  heart  from  ré- 
gions below  the  ligature. 
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The  vessels  that  appeared  in  the  ligated  area  and  anasto- 
mosed  between  veins  that  carry  blood  directly  and  indirectly  to 
afférent  paths  may  owe  their  origin  to  local  pressure.  We 
should  expect  that  under  this  condition  there  would  be  a  greater 
flow  in  certain  directions,  causing  an  enlargement  of  the  paths 
of  those  channels,  and  that  this  in  turn  would  influence,  with 
the  rise  of  pressure,  a  thickening  of  the  walls  of  the  smallest 
vessels.  This  would  be  in  harmony  with  the  laws  formulated 
by  Thoma,*  in  his  study  of  the  development  of  blood- vessels. 

When  the  anastomosing  network  of  vessels  of  the  ligated 
postcava  and  its  tributaries  increased,  the  pressure  lowered, 
and  the  flow  in  that  direction  became  more  rapid.  In  consé- 
quence of  this  the  caliber  of  the  azygos  and  its  tributaries  in- 
creased. 

The  results  of  thèse  experiments  prove  that  in  ail  cases  where 
the  blood-flow  through  the  postcava  bas  been  hemmed  by  patho- 
logical  growths  that  compressed  the  vessel,  or,  where  it  is  nec- 
essary,  due  to  accident  or  opération,  to  obstruct  the  flow  through 
it,  the  normal  activities  of  the  body  will  not  be  materFally  im- 
paired  if  the  paths  leading  to  the  azygos  and  through  it  to  the 
heart  are  not  interrupted. 

In  cases  of  atrophie  cirrhosis  of  the  liver,  where  the  blood- 
flow  from  the  vena  porta  is  prevented  by  compression  of  the 
blood-vessels  in  the  liver,  collatéral  circulation  was  first  estab- 
lished  by  Talma.f  He  caused  adhésion  between  the  abdominal 
wall,  the  liver,  spleen,  and  omentum.  The  blood  reached  the 
postcava  partly  from  anastomosing  networks  of  vessels  devel- 
oped  in  the  adhesive  région,  the  hypogastric,  and  fémoral.  Sur- 
vival  would,  I  should  think,  be  possible  even  if  under  such 
circumstances  the  postcava  in  the  région  of  the  liver  were  so 
compressed  by  the  disease  as  to  stop  the  flow  through  it,  pro- 
vided  the  passage  through  the  azygos  and  its  tributaries  in  the 
abdominal  région  were  kept  open. 

*  Thoma  :  UntersuchuDfren  ûber  die  Histogenèse  und  Histomechanik  des  Gre- 
f&ssystems.    Stuttgart,  1893. 

tS.  Talma  chirurgische  Oeffnung  neuer  Seitenbabnen  fur  das  Blut  der  Vena 
Porta.    Berliner  Klinische  Wochenschrift,  1898. 


OCCUBBENOE  OF  THE  BBYOZOAN  GENUS  RHABDOMESON 

IN  âMEBIGâ. 


Oontribution  from  the  Faleontologioal  Laboratory  No.  56. 


BY   AUSTIN    F.    ROQERS. 

The  genus  Rhabdomeson  Young  and  Young,  heretofore  un- 
known  in  this  country,  is  represented  in  Great  Britain  by  two 
species — R.  gracile  Phill.  and  R.  rhombiferum  Phill.  In  1884 
Ulrich  wrote  as  foUows  :  *' Species  of  Rhabdomeson  hâve  not  yet 
been  detected  in  this  country,  but  a  doser  search  in  our  carbon- 
iferous  deposits  will,  I  feel  coQvinced,  bring  them  to  light.''* 
This  prédiction  has  been  realized,  for  the  author  has  recently 
found  undoubted  members  of  this  genus  in  the  Coal  Measures  of 
eastern  Kansas  and  western  Missouri.  Trans verse  and  vertical 
sections  of  the  spécimens  exhibit  the  central  tubular  axis,  in 
which  single  character  Rhabdomeson  dififers  from  Rhombopora. 
Our  spécimens  belong  to  a  new  species,  which  is  hère  described. 


f 


Rhabdomeson  americanum,  n.  sp. 

1.  Portion  of  a  stem,  sbowing  surface  characters,  X  20. 

2.  Transverse  section,  X  35. 

3.  Vertical  section,  X  20. 

Zoarium  a  slender  cylindrical  stem,  0.5-0.6  mm.  in  diame- 
ter,  throwing  oflF  at  unknown  but  distant  intervais  branches  at 
nearly  a  right  angle  from  the  main  stem.  Zoecial  apertures 
comparatively  large,  elongate-oval  or  elliptical,  but,  on  account 
of   the  ridge-like  interspaces,  they  hâve  a  decided  hexagonal 

*  American  Paleozoic  Bryozos,  E.  O.  Ulrich,  Journal  of  the  Cincinnati  Society 
of  Naturel  Histoiy,  vol.  VII,  p.  2i,  1884. 
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appearance.  Apertures  arranged  in  quite  regular  longitudinal, 
transverse  and  diagonally  intersecting  séries.  It  requires  about 
ten  or  twelve  rows  to  encircle  the  stem.  Measuring  longitud- 
inally,  two  apertures  occur  in  a  space  of  1  mm.  ;  diagonally, 
three  in  1  mm.  The  interspaces  are  comparât! vely  narrow, 
and  a  small  acanthopore  is  placed  at  their  junction  angles. 
The  zoecîal  tubes  arise  from  a  central  axial  tube  and  approach 
the  surface  gradually,  so  that  the  apertures,  especially  in 
slightly  worn  spécimens,  are  deeper  at  the  posterior  end  than 
at  the  anterior  end.  An  occasional  diaphragm  is  observed  in 
both  the  central  tube  and  the  zoecial  tubes. 

Position  and  locality  :  Upper  Coal  Measures  ;  Lower  Oread 
limestone  at  Lawrence,  Kan.,  associated  with  the  folio wing 
species  of  bryozoans  :  Fisixdipora  nodvHfera  Meek,  Rhombopora 
lepidodendroidea  Meek,  Strebloirypa  ulrichi*  Rogers,  S.  striat- 
opora*  Rogers,  Cystodictya  ineqUimarginata*  Rogers,  FentsteUa 
kansasensis*  Rogers,  F.  limbata  Foerste,  F.  remota  Foerste,  F, 
shtimardi  Prout,  Polypora  elliptica*  Rogers,  P.  flexuosa?*  Rog- 
ers, P.  submarginata  Meek,  P.  triangularis*  Rogers,  Thataniscus 
tenuiramus*  Rogers,  Pinnatopora  ptiloporoidea*  Rogers,  P.  tri- 
lineata  Meek,  P.  whitii  Foerste,  Septopora  biserialta  Swallow, 
Rhombocladia  delicata*  Rogers,  and  an  undescribed  species  of  a 
new  genus  belonging  to  the  Phylloporinidœ.  Also  found  in  the 
lola  limestone  at  Kansas  City,  Mo.,  and  at  the  summit  of  the 
Upper  Coal  Measures  in  the  Cottonwood  Falls  limestone  at 
Cottonwood  Falls,  Kan.     Type  in  the  author's  collection. 

Our  species  difFers  from  R.  gracile  Phill.  in  the  shape  of 
the  apertures,  in  the  number  and  distribution  of  acanthopores, 
and  in  having  a  fewer  number  of  apertures  which  occur  in  a 
given  space.  This  species  bears  a  strong  resemblance  to  some 
species  of  Rhombopora,  and  it  is  almost  impossible  to  iden- 
tify  it  by  external  characters.  Thin  sections,  al way s  val uable 
adjuncts  in  the  study  of  any  fossil  bryozoans,  are  hère  neces- 
sary.  Small  ramose  forms,  with  thin  interspaces  and  with  the 
zoecial  tubes  approaching  the  surface  gradually  (very  notice- 
able  in  worn  spécimens)  are  apt  to  belong  to  this  species,  and 
may  be  further  studied  by  means  of  thin  sections. 

UNIVBB8ITT  OF  Kakbab,  Lawrenco.  May  31, 1900. 

*  The  starred  species  were  described  by  the  author  in  the  Kansas  Unlveraity 
Quarterly,  vol.  IX,  pp.  1-12,  pis.  i-iv,  1900,  séries  A. 


STBATIGBAPHY  OF  THE  MoOANN  SANDSTONE. 

BY    C.    N.    GOULD. 

In  July,  1897,  while  on  a  reconnaissance  trip  through  Kay 
couiity,  Oklahoma,  my  attention  was  called  to  a  number  of 
small  fossil  invertebrates  in  the  red  sandstone  that  was  being 
placed  in  the  foundation  of  a  house.  On  inquiry,  I  learned 
that  the  rock  came  from  McCann's  quarry,  on  Deer  creek,  about 
twelve  miles  southwest  of.  Blackwell.  Although  recognizing 
the  value  of  the  discovery  of  fossils  in  the  Red  Beds,  on  account 
of  the  lack  of  time  I  was  unable  to  visit  the  quarry.  A  number 
of  fossils  were  obtained  and  sent  to  Professor  Prosser,  who  kindly 
iindertook  their  identification. 

In  March,  1898,  by  the  advice  of  Professor  Prosser,  I  made  a 
trip  to  the  quarry.  Although  my  visit  was  necessarily  hurried, 
in  addition  to  the  invertebrates,  which  are  found  in  great  num- 
bers,  I  secured  a  small  quantity  of  vertebrate  material,  consist- 
ing  of  teeth,  scales,  and  bones.  This  was  sent  to  Doctor 
Williston.  A  gênerai  survey  of  the  locality  was  made — enough 
to  satisfy  me  that  the  quarry  was  located  near  the  base  of  the 
Red  Beds,  but  no  accurate  sections  were  taken.. 

It  was  not  until  the  latter  part  of  July,  1898,  that  I  was  per- 
initted  to  make  a  thorough  examination  of  the  locality.  By 
the  kindness  of  Doctor  Williston,  I  was  enabled  to  spend  several 
days  in  the  vicinity.  On  this  trip  I  was  accompanied  by  Mr. 
Mark  White,  an  enthusiastic  scientific  student  of  Southwest 
Kansas  Collège.  Mr.  White  rendered  valuable  service  while  in 
the  field.  Some  of  the  best  fînds  were  the  resuit  of  his  persé- 
vérance. 

Deer  creek  is  tributary  to  the  Sait  Fork  of  the  Arkansas, 
twelve  miles  southwest  of  Blackwell.  The  creek  is  a  typical 
prairie  stream.  In  its  upper  course  it  is  fed  by  Tertiary  springs. 
The  slopes  are  in  most  places  gentle.  On  the  south  side  of  the 
creek,  for  a  distance  of  four  or  five  lAiles,  a  steep  blufifis  capped 
by  a  ledge  of  dark  red  or  mottled  sandstone  from  two  to  five  feet 
thick.  In  this  sandstone  on  several  farms  quarries  hâve  been 
opened.     The  most  important  of  thèse  are  on  the  farms   of 
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Messrs.  McCann,  Davis,  and  MahafiFy.  The  rock  quarries  into 
good  dimension  stone,  and  supplies  the  local  demand  for  a  dis- 
tance of  fifteen  or  twenty  miles.  Several  business  blocks  in 
Blackwell  are  built  of  the  store  from  thèse  quarries. 

The  following  sections,  illustrative  of  the  character  of  the 
rock  both  below  and  above  the  ledge,  were  taken  in  the  vicinity. 

Section  No.  1. — The  lower  part,  to  No.  14,  taken  on  D.  Camp- 
bell's  farm  ;  the  remainder  at  Jones's  butte,  one  mile  east  of 
McCann 's  quarry  : 

No. 

21.  Butte  capped  with  two  feet  of  massive  red  sandstone  (the  Me-  Feet, 

Cann) 2  79 

20.  Arenaeeous  red  shale 6  77 

19.  Soft  gray  limestone,  in  blocks y^  71 

18.  Redclay 4  lOli 

17.  Biue  clay  shales 4  66X0 

16.  Red  clay 3  62Vo 

15.  Bluish  shale  with  bands  of  red 6  59^ 

14.  Hard  grayish  limestone,  forming  escarpment y^  53^:^ 

13.  Reddish  and  bluish  shales  7  53 

12.  Kather  hard  grayish  limestone,  forming  escarpment ^^  46 

11.  Bluish  and  greenish  shales 3  45^^ 

10.  Several  layers  of  limestone  one  inch  thick,  in  blue  shale 1  42^^ 

9.  Blue  shale  with  green  and  red  bands 11  41X^ 

8.  Red  clay 5  30H 

7.  Bluish  limestone )é       25^ 

6.  Bluish  clay  with  red  streaks 3J^    25 

5.  Shaly  gray limestone Je        2U^ 

4.  BluecJay 1^    21 

3.  Soft  white  limestone, 3^        19Jé 

2.  Red  and  green  clay 4        19 

1.  Covered  slope  from  creek 15 

Section  No.  2. — Four  miles  northwest  of  McCann's  quarry 
and  one  mile  north  of  the  post-office  of  Osborne.  The  base  of  the 
section  is  probably  not  to  exceed  twenty  feet  above  the  McCann 
sandstone  : 

No.  Feet. 

10.  Red  soil  and  gravel  resting  unconformably  on  No.  9  (Pleistocene),    8        29^^ 

9.  Red  clay 3       21 J^ 

8.  Blueclay %        ISH 

7.  Red  clay  with  bands  of  blue 8        17''*4 

6.  Rather  hard  white  limestone V4  9ii^ 

5.  Red  clay 2         9V2 

4.  Blue  and  green  shale J-2         '*}'i 

3.  Red  clay 3         7 

2.  Thin  layer  white  limestone  separated  by  shale 1  4 

1.  Hard  red  clay  in  creek  bed 3 

At  this  point  the  strata  are  exposed  for  more  than  100  yards 
along  the  bluff.  In  this  distance,  four  distinct  faults  are  no- 
ticed.     The  strata  hâve  slipped  from  one  to  three  feet. 

The  dip  of  ail  the  strata  seems  to  be  to  the  southeast. 

A  comparison  of  sections  No.  1  and  No.  2  will  show  that 
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No.  1,  taken  below  the  sandstone,  consists  chiefly  of  blue  shale, 
with  occasion  al  strata  of  white  limes  tone  and  red  shale,  and 
that  the  red  shale  becomes  more  fréquent  towards  the  top  ; 
also,  that  in  No.  2,  taken  above  the  sandstone,  the  blue  shale 
has  been  replaced  by  the  red.  In  ascending  the  hills  to  the 
west,  above  section  2,  the  whole  country  is  red,  the  blue  shale 
having  almost  entirely  disappeared.  The  color  of  the  soil  in 
this  locality  reminds  one  of  Barber  or  Harper  county,  Kansas. 

Thèse  considérations  would  seem  to  indicate  that  the  sand- 
stone mentioned  marks  the  dividing  line  from  the  blue  to  the 
red  shales,  or  from  the  Wellington  to  the  Harper.*  Although 
red  shales  are  found  in  the  Wellington  and  Marion  (Geuda),t 
and  even  in  the  Chase, t  it  is  not  until  the  disappearance  of  the 
blue  shales  that  the  term  '*Red  Beds"  is  applicable. 

For  this  sandstone  the  provisional  name  of  McCann  sandstone 
is  proposed,  from  the  name  of  the  quarry  where  the  ledge  was 
first  studied  and  which  has  been  most  prolific  in  fossils.  This 
is  intended  not  as  a  formational  name,  but  simply  as  the  local 
name  for  the  lower  ledge  of  the  Harper  formation  of  the  Cimar- 
ron  séries.  This  ledge,  so  far  as  I  know,  has  no  counterpart  in 
Kansas.  The  first  sandstones  of  the  Harper  hard  enough  to 
quarry,  near  the  towns  of  Harper,  Spivey,  Kingmaû,  and  Arling- 
ton,  are  nearly  100  feet  above  the  base  of  the  formation. 

The  McCann  quarry  is  located  on  the  farm  of  Mr.  T.  W. 
McCann,  eight  miles  west  and  four  miles  south  of  Blackwell, 
O.  T.,  nineteen  miles  south  of  Hunnewell,  Kan.,  on  the  south- 
west  quarter  of  section  9,  township  26,  range  2  west.  The 
nearest  railroad  station  is  Nardin,  four  miles  northwest. 

On  one  trip  Mr.  White  and  I  were  successful  in  securing  a 
number  of  invertebrates  and  portions  of  the  skeleton  of  a  large 
reptile;  also,  fossil  leaves  (ferns)  and  stems  from  the  sand- 
stone. Other  reptilian  bones  hâve  been  discovered  in  dififerent 
parts  of  the  quarry,  but  most  unfortunately  they  hâve  been 
carried  away  and  lost. 

BouTBWBST  Kansas  Collvgb,  Winfleld,  Angast  20 .189S. 

*  Ck>lorado  Ck)llege  Studies,  vol.  VI,  p.  3. 
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A  NEW  QENUS  OF  FERNS  FROM  THE  PEEMIAN 
OF  EANSAS. 


Oontribntion  firom  the  Paleontologioal  Laboratory,  Ko.  67.* 


BY    s.    H.    SBLLARDS. 
With  Plates  XXXVII-XLII. 

The  plants  described  in  this  article  corne  from  a  locality  three 
and  a  half  miles  south  of  Banner  City,  Dickinson  county,  Kan- 
sas.  Three  lots  of  plants  hâve  been  collected — the  first  by 
Mr.  Sterling,  of  the  University,  in  the  summer  of  1899  ;  the 
second  by  the  author,  in  October  of  the  same  year  ;  and  the 
third,  also  by  the  author,  in  September  of  the  présent  year. 
The  plants  are  preserved  in  an  impure,  more  or  less  concre- 
tionary  limestone,  sometimes  grading  into  a  sandstone.  The 
horizon  bearing  the  plants  is  within  about  twenty  feet  of  the 
top  of  the  highest  Permian  in  that  région,  the  hill  along  the 
side  of  which  the  plants  are  found  being  capped  with  Cretaceoujs 
sandstone.  The  types  of  ail  the  species  described  are  in  the 
muséum  of  the  University  of  Kansas.  The  spécimens  figured, 
when  not  otherwise  stated,  are  those  collected  by  the  author. 
Ail  discussion  of  the  geological  âge  of  the  formation,  as  well  as 
the  extent  and  character  of  the  plant-bearing  horizon,  is  de- 
ferred  until  the  completion  of  the  author's  report  on  the  entire 
collection.      The  drawings  and  photographs  are  by  the  author. 

I  am  indebted  to  Dr.  S.  W.  Williston  for  permission  to  work 
on  the  Permian  plants  and  for  advice  in  the  préparation  of 
this  article.  I  am  also  indebted  to  Dr.  David  White,  of  the 
United  States  Geological  Survey,  for  advice  and  for  personal 
favors  ;  and  to  other  oflScials  of  the  U.S.  National  Muséum,  for 
access  to  paleobotanical  library  and  plant  collections  of  the 
muséum  during  a  part  of  the  past  summer. 

*  Publiflhed  by  permission  of  the  Paléontologie t  of  the  University  Geological 
Survey  of  Kansas. 
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GLEN0PTEBI8,  goD.  nov. 

Fronds  pinnatifid,  or  simply  pinnate,  elliptical  in  outline, 
tapering  to  base  and  apex.  The  fronds  of  the  différent  species 
of  the  genus  hâve  a  very  considérable  range  in  size,  from  10  to 
15  cm.  for  the  smallest  species  to  45  cm.  or  more  for  the 
largest.  Base  always  petiolate  ;  rachis  strongly  developed,  pro- 
portionally  strong  at  the  base,  longitudinally  striate.  Fronds, 
apparently  thick  and  fleshy  in  life,  leaving  a  carbonaceous 
layer  on  the  rock,  in  which  the  veins  are  Aeeply  emersed, 
and  often  hidden.  Pinnules  attached  to  the  rachis  by  the 
entire  base,  decurrent,  or  auricled  below,  more  or  less  rounded 
above.  Pinnules  at  the  base  of  the  frond  reduced,  open,  or 
more  commonly  reflexed.  Those  at  the  middle  of  the  frond 
largest,  varying  in  size  and  shape  with  the  size  of  the  frond, 
oblong  to  linear,  oblique,  or  curved  back  at  the  apex.  Borders 
entire  or  undulate,  and  even  lobate  in  one  species  referred 
doubtfully  to  the  genus.  Pinnules  towards  the  apex  also  re- 
duced, becoming  more  ovoid,  even  odontopteroid  in  appearance, 
ending  in  undulations  of  a  terminal  pinnule.  Midvein  of  the 
pinnule  strong  in  the  large  fronds,  percurrent  at  the  base,  run- 
ning  some  distance  down  the  rachis  before  uniting  with  it,  con- 
tinuing  to  or  near  the  apex.  Latéral  veins  oblique,  rather 
thin,  and  often  obscured  by  the  thick  frond  ;  simple  or  forking, 
basilar  attached  to  the  main  rachis  ;  curved  in  passing  to  the 
border,  or  almost  straight.  The  decurring  wing,  or  auricle, 
receives  numerous  strongly  curved,  or  straight,  simple,  or 
forked,  nerves  from  the  main  rachis.     Fructification  unknown. 

The  plants  of  this  splendid  genus  are  among  the  most  abun- 
dant  of  the  formation.  Four  well-characterized  species  hâve 
been  found,  represented  by  good  spécimens,  and  one  spécimen 
of  a  tifth  species  doubtfully  referable  to  the  genus.  In  addition, 
there  are  two  spécimens  in  the  collection,  one  the  apical  part  of 
a  frond,  the  other  a  young  frond  still  in  the  circinate  condition 
at  the  apex,  which  apparently  are  not  referable  to  any  of  the 
species  described.  The  pinnules  of  both  are  linear,  very  acute, 
straight,  and  oblique  to  the  rachis.  The  numerous  individuals, 
and  the  difTerentiation  that  the  genus  has  reached,  indicate  that 
it  was  a  leading  genus  in  the  flora  of  the  formation.  In  a  note 
on  the  Permian  Flora  of  Kansas,  Kansas  University  Quarterly, 
vol.  IX,  p.  64,  the  author  referred  to  this  group  of  plants  as 
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herbaceous  ferns.  The  large  fronds  now  at  hand,  having  a 
strong  rachis  broken  ofF  short  at  the  base,  make  it  more  proba- 
ble that  the  fronds  are  detached  from  the  upright,  more  or  less 
arborescent  stem.  It  seems  even  possible,  but  not  probable, 
that  we  hâve  hère  only  the  ultimate  division  of  larger  fronds. 

Generic  relation. — Among  Paleozoic  plants,  the  genus  most 
closely  related  to  ours  in  the  form  and  development  of  the  frond 
is  ProtobUchnum  Lesqx.  The  type,  and  only  species  known  of 
this  genus,  comes  from  near  the  base  of  the  Coal  Measures, 
Rushville,  Ohio,  and  was  first  described  as  Althopteris  holdeni  by 
Andrews.*  Lesquereux  afterward  made  Andrews's  species  the 
type  of  the  genus  Protoblechnum  Lesqx.  P.  holdeni  (And.  )  Lesqx. 
has,  like  the  species  of  Glenopteris,  sessile,  auricled  pinnules, 
reduced  at  the  base  of  the  petiolate  frond.  The  estimated 
length  of  this  species,  50  to  60  cm.,  is  only  slightly  larger 
than  that  of  the  largest  species  of  Glenopteris.  The  apical  part 
of  the  frond  of  Protoblechnum  differs,  however,  entirely  from  that 
our  genus.  In  the  several  species  of  Glenopteris  the  pinnules 
are  reduced  gradually  towards  the  apex  of  the  frond,  at  last 
uniting  with  a  terminal  pinnule.  The  frond  of  Protoblechnum  is 
represented  as  ending  abruptly,  the  pinnules  not  at  ail  reduced. 
It  might  be  suspected  that  the  apex  of  the  spécimen  was  gone, 
especially  as  the  rachis  continues  moderately  strong  to  the  very 
last,  were  it  not  that  both  authors  agrée  in  describing  the  frond 
as  complète.  Lesquereux  says  (Coal  Flora,  p.  188)  :  *'The 
upper  ones  (pinnules)  are  close,  less  distinctly  scythe-shaped, 
but  quite  as  long,  the  terminal  leaflets  being  still  6  cm.  long." 
The  venation  of  Protoblechnum  Lesqx.  is  apparently  distinct,  the 
veins  twice  forked  ;  the  venation  of  Glenopteris  is  indistinct, 
and  often  obliterated,  the  veins  simple  or  forked  once.  The 
thick  coating  of  scales  on  the  rachis  of  Protoblechnum  is  a  minor 
character  not  seen  on  any  species  of  Glenopteris. 

Glenopteris  cannot  be  closely  compared  with  any  other  genus 
of  Carboniferous  ferns.  It  has,  however,  in  the  sessile  decur- 
rent  pinnules,  a  gênerai  relation  to  ail  the  gênera  of  the  alethop- 
teroid  group,  to  which  it  accordingly  finds  its  most  natural 
référence.  The  relation  after  Protoblechnum  Lesqx.  is  perhaps 
closest  to  Alethopteris  St.  But  the  genus  differs  from  ail  the 
other  Alethopterids  again  excepting  Protoblechnum,  in  the  sim- 

*Geol.  Suryey  of  Ohio  Pal.,  vol.  2,  p.  420,  pi.  LI,  figs.  l-2a. 
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pie  fronds  and  large  pinnules.  The  apices  of  tlie  fronda  of 
GlenopterÎH  hâve  a  peculiar  resemblance  to  Odontopteris.  Sa 
striking  is  this  resemblance  in  Glenopteris  siviplex,  that  the  apex, 
if  found  detached,  unassociated  with  the  rest  of  the  frond, 
would  probably  be  taken  for  a  large  Odontopteris;  but  the 
frond  as  a  whole  is  very  différent  from  that  genus.  There  is  a 
resemblance  perhaps  worth  noting  between  Glenopteris  and  the 
smaller  species  of  Megalopteris  Dawson  in  the  sessile  decurrent 
pinnules,  but  the  rigid  fronds  of  Glenopteris,  with  strong  axial 
development,  are  very  différent  from  the  fronds  of  Megalopteris, 
large,  and  often  bifurcate  at  the  top. 

Glenopteris  has,  in  the  shape  and  development  of  the  frond,  a 
very  striking  resemblance  to  the  Mesozoic  gênera  Lomatopteris 
Sch.  and  Cycadopteris  Zigno.  The  resemblance  of  the  large 
species  of  Glenopteris  to  Lomotopteris  is  especially  close.  The 
form  and  method  of  development  of  the  frond  in  the  two  gênera 
are  very  similar.  Both  hâve  a  strong,  roughly  striate  rachis, 
and  pinnules  reduced  at  the  base  of  the  petiolate  frond.  Lomat- 
opteris is  described  by  Schimper  as  having  its  venation  entirely 
obscured  ;  the  venation  of  Glenopteris  is  always  indistinct,  and, 
in  GJ  lobata,  entirely  concealed.  The  auricled  base,  which  dis- 
tinguishes  most  of  the  species  of  Glenopteris  from  Lomatopteris, 
is  wanting  in  G.?  lohata,  This  latter  species  further  resembles 
Lomatopteris  by  a  very  similar  lobation  of  the  borders.  The  es- 
sential  character  separating  this  species  from  that  genus  is  the 
absence  of  the  thickened  border. 

Doctor  White*  has  already  suggested  the  possible  relation  of 
the  Alethopterideœ  with  the  Triassic  gênera  Lomatopteris  and 
Cycadopteris.  The  genus  Glenopteris  from  the  Permian  having 
an  évident  relation  to  both  Protoblcchnum  from  the  base  of  the  Coal 
Measures,  and  to  Lomatopteris  and  Cycadopteris  from  the  Trias, 
makes  such  a  relation  much  more  probable.  As  far  as  it  is  pos- 
sible to  conclude  from  the  évidence  of  stérile  fronds,  thèse  three 
gênera  seem  to  hâve  a  direct  genetic  relation. 

aienopteris  splendens,  sp.  do7.    Plate  XXXVII,  fig.  1;  plate  XXXVIII,  fig.  1; 
plate  XL.    Type  5106. 

Fronds  large,  deeply  pinnatifid,  slightly  curved  or  straight, 
coarse,  spreading,  broadly  elliptical,  45  or  more  cm.  long,  with 
a  spread  ûtabaut  20  cm.,  thick  in  life,  leaving  a  dark  carbona- 

♦Bull.  Geol.  Soc.  Am.,  vol.  IV,  1893,  p.  119. 
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ceous  layer  on  the  rock,  petiolate,  broadest  in  tlie  middle,  ta- 
pering  to  base  and  apex.  Rachis  strong,  rigid,  continuing  well 
towards  the  apex  of  the  frond,  roughly  marked  with  longitudi- 
nal strise  ;  in  the  fossil  condition  flat,  or  the  original  more  or 
less  cylindrical  shape  indicated  by  a  dépression  in  the  stone, 
about  one-third  wider  than  deep,  partly  fi  lied  with  carbona- 
ceous  matter.  Pétiole  of  the  frond  very  strong,  striate,  1  cm. 
wide  at  the  base,  broken  ofF  short,  as  if  detached  from  an  arbo- 
rescent stem  or  possibly  a  larger  division  of  the  frond.  Pin- 
nules  close,  connate  or  overlapping  at  the  base,  alternate  or 
subopposite,  oblique  to  the  main  rachis,  or  lower  ones  reflexed, 
linear  ;  base  sessile,  decurring  or  stropgly  auricled  below,  some- 
what  rounded  above,  borders  entire,  straight,  and  nearly  paral- 
lel.  Pinnules  sloping  very  gradually  from  the  base  to  the  obtuse 
apex,  varying  much  in  size  and  shape  according  to  the  position 
on  the  frond  ;  those.at  the  middle  reaching  a  length  of  13  cm. 
and  a  width  of  2  cm.  at  the  base,  strongly  auricled,  the  auricle 
overlapping  two-thirds  of  the  distance  to  the  midrib  of  the  next 
pinnule  below  ;  those  at  the  base  of  the  frond  open  or  reflexed, 
more  narrow  in  proportion  to  their  length,  less  distinctly  auri- 
cled or  merely  connate,  or  even  distinct  ;  those  towards  the 
apex  also  reduced,  broader  in  proportion  to  their  length,  be- 
coming  near  the  apex  broadly  oblong,  oblique,  with  decurring 
base,  1  or  2  cm.  long,  1  cm.  or  more  wide.  Midvein  of  the  pin- 
nule broad  but  shallow,  continuing  two-thirds  the  length  of  the 
pinnule,  then  gradually  fading  out.  The  center  of  the  furrow  is 
marked  by  a  narrow  dépression,  which  shows  in  the  cast  of  the 
upper  side  of  the  frond  (photo  pi.  XL)  as  a  fine,  distinct  line 
running  through  the  center  of  the  pinnule.  Latéral  veins  in- 
distinct, thin,  almost  hidden  in  the  epidermis.  They  leave  the 
midrib  obliquely,  curve  out\vard8,  and  meet  the  borders  almost 
at  right  angles,  simple  or  forked  once,  12  to  14  per  cm.  The 
veins  of  the  auricles  are  strongly  curved,  often  once  forked. 
Occasionally  the  auricle  shows  a  very  sliglit  constriction  of  the 
base  of  the  pinnule,  as  if  about  to  become  lobed. 

Three  good  spécimens  of  this  species  hâve  been  found,  but 
none  of  them  showing  the  complète  apex.  On  the  same  rock 
with  the  basai  part  of  the  frond,  fig.  1,  plate  XXXVIII,  occurs 
a  part  of  a  frond  from  near  the  apex,  probably  referable  to  this 
species,  with  broadfy  oblong  pinnules,  close,  oblique,  and  grad- 
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ually  reduced.  The  spécimen  photographed  (plate  XL)  also 
shows  the  pinnule  approaching  the  apex,  becoming  shorter  and 
proportionally  broader. 

On  the  rachis  of  one  spécimen  of  this  species  there  occurs  a 
narrowly  elongate  scar,  3  mm.  long  and  less  than  a  half  mm. 
wide.  A  similar  but  smaller  scar  occurs  on  the  rachis  of  a 
fragment  probably  ref érable  to  this  species.  Thèse  scars  are  of 
interest,  because  of  their  seeming  identity  with  numerous  such 
scars  occurriûg  on  or  near  the  rachis  of  some  of  the  Tapuiopterids 
of  the  collection,  which  in  turn  at  least  resemble  the  scars  on 
Macrotœniopterisj  described  as  probable  fructification  by  Fon- 
taine.* 

Thèse  scars  will  be  more  fully  described  in  treating  of  the 
Tœniopterids  of  the  formation. 

aienopteris  simplez,  sp.  dov.    Plate  XXXVII,  fîg.  2;  plate  XXXVIII,  fig8.2 
and  3;  plate  XXXIX  ;  plate  XL.    Type  No.  5101. 

Fronds  small,  10  to  15  or  more  cm.  long,  simply  pinnatifid, 
narrowly  elliptical  in  outline,  short  petiolate,  broadest  in  the 
middle,  tapering  to  base  and  apex.  Fronds  apparently  thick, 
leaving  a  thick  carbonaceous  layer  on  the  rock  ;  very  variable 
in  size  ;  always  curved  from  the  base,  often  decidedly  so,  in- 
equilateral  in  development,  due  to  the  excessive  growth  of  thè 
pinnules  on  the  convex  side  of  the  frond.  Pinnules  alternate, 
decurrent  at  the  base,  joining  the  pinnule  below  by  a  winged 
projection,  or  by  a  more  or  less  distinct  auricle,  rounded  above 
the  base,  in  gênerai,  oblique  to  the  rachis;  in  the  young  frond 
the  pinnules  are  close,  oblique,  ovate,  or  oblong;  as  the  frond 
develops  the  pinnules  become  more  distant,  oblong,  still  leav- 
ing the  rachis  obliquely,  but  curved  back  at  the  apex  ;  in  the 
largest  fronds  the  pinnules  are  1  cm.  distant,  3  to  4  cm.  long, 
curving  back  decidedly  at  the  apex,  giving  the  frond  a  lax  ap- 
pearance.  Pinnules  at  the  middle  of  the  frond  largest,  most 
distinctly  curved.  Apex  very  obtusely  rounded.  Borders  en- 
tire,  straight,  or  irregularly  undulate.  Pinnules  at  the  base  of 
the  frond  much  reduced;  lower  ones,  which  are  1  or  2  cm. 
from  the  base,  mère  wing-like  projections,  3  or  4  mm.  long. 
Pinnules  also  reduced  towards  the  apex,  becoming  ovate, 
odontopteroid  in  appearance,  passing  into  undulations  of  a 
lanceolate,  obtuse,  terminal  pinnule.     The  terminal  pinnule  is 

'*'  Monograph,  Older  Mesozoic  Flora  of  Virginia,  p.  18. 
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characteristic.  It  is  large  in  proportion  lo  the  frond,  some- 
what  îrregular  in  shape,  sloping  slightly  to  an  obtuse  apex. 
In  a  frond  15  cm.  high,  the  terminal  pinnule  is  2  cm.  long. 
But  the  much  larger  apex  (plate  XXXVIII,  fig.  2) ,  apparently 
referable  to  this  species,  indicates  that  the  terminal  pinnule 
varies  with  the  size  of  the  frond.  Midvein  distinct,  percurrent, 
running  down  the  rachis  1  or  2  mm.  before  uniting  with  it, 
continuing  almost  to  the  apex.  Latéral  veins  oblique,  strong, 
simple  or  forking  once,  almost  straight  or  distinctly  curved^ 
10  or  12  per  cm.  at  the  border..  Veins  strongly  curved  in  pass- 
ing  from  the  rachis  to  the  auricled  base.  The  midvein  of  the 
pinnule  becomes  less  marked  in  pinnules  nearing  the  apex  of 
the  frond,  latéral  veins  more  pronounced,  passing  gradually 
into  the  latéral  veins  of  the  terminal  pinnule. 

This  species,  the  smallest  of  the  genus,  is  common,  and  its 
gênerai  form  usually  well  preserved.  The  venation,  however, 
is  indistinct  on  most  of  our  spécimens.  One  frond  (plate 
XXXVIII,  fig.  3),  fortunately,  has  the  venation  well  pre- 
served. The  rachis,  seen  from  the  upper  side,  is  marked  by  a 
broad,  shallow  groove  ;  from  below  it  présents  a  broken,  striate 
appearance,  due  to  the  decurring  midveins  of  the  pinnules. 
Plate  XXXIX  shows  three  of  the  fronds,  natural  size,  and 
almost  complète.  The  frond  fig.  1  has  the  apex  broken  and 
displaced  to  one  side.  With  several  good  spécimens  at  hand,  it 
is  possible  to  foUow  the  development  from  the  young  to  the 
fuU-grown  frond.  The  pinnules,  at  first  close,  ovate,  and  ob- 
lique, become,  by  the  growth  of  the  frond,  more  distant,  elon- 
gate,  curved  back  at  the  apex,  lax  in  appearance,  reaching  at 
last  the  extremely  curved  form  seen  in  fig.  3,  plate  XXXVIII. 

The  spécimen  plate  XXXIX,  fig.  1,  was  among  those  col- 
lected  by  Mr.  Sterling.  The  others  were  coUected  by  the 
author. 

Olenopteris  lineata,  sp.  nov.    Plate  XXXVII,  fig.  3;  plate  XXXVIII,  figs.  4 
and  5.    Type  No.  5108. 

Fronds  of  médium  size,  deeply  pinnatifid  or  pinnate,  some- 
what  fleshy,  narrowly  elliptical,  narrowing  gradually  to  a  long 
apex,  petiolate  at  the  base.  Rachis  strong,  longitudinally 
striate  or  wrinkled,  half  cylindrical  or  flattened,  broken  off 
short  at  the  base.  Pinnules  alternate,  close,  or  more  distant  in 
the  middle  of  the  frond,  rounded  above  the  base,  united  by  a 
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decurring  wing  to  the  pinnuïe  below,  situated  very  obliquely  on 
the  rachis,  linear-lanceolate,  straight,  very  symmetrical  above 
the  base,  narrowing  gradually  and  regularly  from  the  base  to  the 
apex;  borders  straight  and  entire,  apex  rounded,  or  eut  off 
wedge  shaped.  Pinnules  reduced  in  passing  to  the  apex,  be- 
coming  shorter,  proportionally  wider,  at  last  not  more  than  5 
or  6  mm.  long,  4  or  5  mm.  wide,  and  triangular  in  shape. 
Midvein  of  the  reduced  pinnule  still  évident,  continuing  to  the 
apex.  Pinnules  also  reduced  towards  the  base  of  the  frond  as 
in  other  species  of  the  genus,-  lower  pair  reflexed.  Midvein 
straight,  deep,  and  narrow,  deeply  emersed,  continuing  quite 
to  the  apex  of  the  pinnule,  percurrent  at  the  base  ;  latéral  veins 
obliterated  in  ail  the  spécimens  y  et  obtained  by  the  thick,  longi- 
tudinally  wrinkled  substance  of  the  frond. 

The  species  is  described  from  four  spécimens,  two  of  them 
representing  the  apical  part  of  the  frond,  but  with  the  extrême 
apex  of  both  broken  ;  one  from  the  base,  and  one  from  near  or  be- 
low the  middle,  a  part  of  which  is  shown  in  fig.  5,  plate  XXXVIII. 
The  upward  curve  of  the  long  pinnule  of  this  plate  is  due  largely 
or  entirely  to  a  break  below  the  center  of  the  pinnule  and  the 
dislocation  of  the  apex.  Other  pinnules  above  and  below  this 
one  do  not  show  the  scythe  shape. 

Glenopteris  sterlingi,  ep.  dov.    Plate  XLI  ;  plate  XLII,  fig.  1.   Type  No.  5104. 

Fronds  large,  deeply  pinnatifid,  the  pinnules  connected  at  the 
base  by  a  lobate  auricle,  strong,  rigid  in  appearance  ;  elliptical, 
broadest  in  the  middle,  25  or  more  cm.  long;  petiolate,  thick, 
leaving  a  carbonaceous  layer  in  wTiich  the  veins  are  mostly  hid- 
den.  Rachis  strong,  half-cylindrical  or  compressed  in  the  cast, 
1  cm.  broad  at  the  base,  longitudinally  striate.  Pinnules  close, 
opposite  or  subalternate,  unsymmetrical,  much  enlarged  above 
the  base,  sloping  at  first  abruptly ,  then  gradually,  to  a  lanceolate 
apex,  situated  at  right  angles  to  the  rachis,  straight,  or  curving 
up  slightly  at  the  apex,  scythe-shaped,  10  to  17  mm.  distant,  6 
to  7  cm.  long  in  the  middle  of  the  frond,  sessile  at  the  base, 
ponnected  by  a  lobate  auricle.  Borders  entire,  straight  or  ir- 
regularly  undulate.  Apex  small,  rounded.  At  the  center  of 
the  frond  the  lobes  between  the  pinnules  are  approximately 
twice  as  long  as  broad,  about  9  mm.  long,  4  or  5  wide,  half 
eut  off  from  the  pinnule  above  by  a  sharp  incision  at  the  base 
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of  the  pinnule,  connate  with  the  pinnule  below,  or  the  outer 
part  of  the  lobe  overlapping  slightly.  In  the  pinnules  ap- 
proaching  the  base  of  the  frond  the  lobes  are  progressively  less 
Btrongly  developed,  entirely  disappearing  on  the  reduced  basai 
pinnules.  Main  rachis  of  the  frond  brokenly  and  roughly  striate 
throughout  its  entire  length.  Midvein  of  the  pinnule  moderately 
strong,  continuing  to  near  the  apex,  straight  or  nearly  so,  join- 
ing  the  rachis  with  a  short  downward  curve.  Latéral  veins 
indistinct;  those  of  the  auricles  best  preserved.  Thèse  leave 
the  rachis  with  a  slight  curve,  run  straight  and  apparently 
simple  to  the  border.  In  the  first  auricle  (top  of  fig.  1,  plate 
XLII,  left  side)  six  veins  can  be  counted  in  the  distance  of  3 
mm.  On  some  of  the  pinnules  of  the  eroded  spécimen  (plate 
XLI)  the  latéral  veins  show  indistinctly.  They  leave  the  mid- 
vein obliquely  and  curve  in,  passing  to  the  borders  ;  whether 
simple  or  forked,  cannot  be  raade  out. 

Two  spécimens  of  this  species  are  found  in  the  collection, 
both  of  which  are  photographed.  The  smaller  one  is  well  pre- 
served and  covered  by  a  thick  coaly  layer,  entirely  obscuring 
the  venation  except  in  the  lobes  of  the  auricles.  This  spéci- 
men shows  well  the  distinct  lobe  between  the  pinnules.  The' 
second  spécimen  is  of  an  eroded  frond,  somewhatdefaced.  The 
lobate  base,  however,  is  well  shown  on  some  of  the  pinnules. 
The  species  has  a  very  diflFereut  appearance  from  others  of  the 
genus,  due  to  the  odd  shape  of  the  pinnules  and  their  lobate 
bases.  The  large  spécimen,  plate  XLI,  has  evidently  the  nat- 
ural  shape  of  the  frond,  except  that  the  apices  of  the  pinnules 
are  broken  and  somewhat  displaced.  The  frond  is  rigid, 
strongly  curved  at  the  base,  and  again  less  strongly  curved  in 
the  opposite  direction  at  the  apex.  The  extrême  apex  is  not 
preserved. 

The  first  spécimen  of  this  species,  that  of  plate  XLI,  was  col- 
lected  by  Mr.  Sterling. 

aienopterlB?  lobata,  ep.  nov.    Plate  XXXVII,  fig.  4;  plate  XLII,  fig.  2. 
Type  Na  5110. 

Fronds  large,  pinnate,  petiolate,  coriaceous.  Rachis  strong, 
flat,  striate,  li  cm.  wide,  broken  oflF  short  at  the  base.  Pinna» 
close,  alternate  or  subopposite,  linear,  sessile,  and  overlapping 
at  the  base,  licm.  apart,  longest  6  cm.,  divided  into  numerous 
small,  ovate,  shallow,  but  distinct  lobes.     Basai  pinna>  reduced 
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scarcely,  or  not  at  ail  lobed,  lowest  pair  much  reduced,  1^ 
cm.  long,  reflexed.  Lobes  more  distinct  on  the  lower  side  of 
the  pinna  than  on  the  upper,  true  at  least  of  those  pinnse  ap- 
proacliing  the  base  of  the  frond.  First  lobe  on  the  lower  side 
of  each  pinna  attached  to  the  main  rachis.  Midvein  of  the 
pinna  broad,  but  shallow,  marked  on  the  upper  side  of  the  frond 
by  a  shallow  furrow,  continuing  to  near  the  apex,  curved  down 
at  its  union  with  the  rachis.  Latéral  yeins  entirely  obscured 
by  the  coriaceous  frond. 

The  propriety  of  including  this  species  in  the  genus  Glenop- 
teris  is  extremely  doubtful.  With  the  single  incomplète  spéci- 
men at  hand,  it  is  difficult  to  décide  its  true  generic  relation. 
In  gênerai  disposition  the  frond  is  raiich  like  that  of  other  large 
species  of  GhnopUriSf  a  frond  having  a  strong  striate  rachis 
with  pinnules  reduced  at  the  base.  The  négative  character  of 
obscured  venation  may  not  be  of  especial  value,  since  the  vena- 
tion  of  every  species  of  the  genus  is  more  or  less  obscured,  and 
additional  spécimens,  when  found,  may  hâve  the  venation  pre- 
served.  The  pinnae,  however,  are  very  différent.  They  can 
hardly  be  said  to  be  auricled.  They  are  rather  sessile  by  the 
en  tire  base,  the  borders  lobate,  the  first  lobe  on  the  lower  side 
attached  to  the  rachis.  But  as  observed  in  other  species  of  the 
genus,  the  pin n se  of  the  middle  of  the  frond  may  prove  to  be 
more  distinctly  auricled.  The  first  large  pinna  at  the  base  of 
the  frond  has  only  a  single  lobe  on  the  lower  side  ;  the  two  fol- 
lowing  are  distinctly  lobed  on  the  lower  side,  merely  undulate, 
or  slightly  lobed,  on  the  upper;  the  next  two  above  thèse  are 
broken  ;  the  third,  the  large  pinna  at  the  top  of  the  spécimen,  is 
as  plainly  lobed  on  the  upper  as  on  the  under  side. 

This  species,  as  noted  in  the  discussion  of  the  genus,  ap- 
proaches  very  closely  to  Lomatopteris  Sch.  As  in  that  genus,  the 
veins  are  obscured,  fronds  thick,  petiolate,  rachis  strong  and 
striate,  pinnae  lobed.  The  absence  of  a  thickened  border  is 
the  essential  character  excluding  this  species  from  Schimper's 
genus. 

Lomatopterisburgondiaca  Sap.,from  the  Jurassic,should  becom- 
pared  as  a  species  closely  related  in  its  form  and  development. 

Doctor  White  has  very  kindly  looked  over  the  photographs 
illustrating  this  genus,  and  calls  attention  to  the  close  resem- 
blance  of  some  of  its  species,  especially  Glenopterisf  lobata  to 
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Lomatopteris  jurenst9  Sch.,  as  that  species  is  figured  by  Sa- 
porta.  Plantes  jurassiques,  vol.  I,  p.  405,  pi.  55,  figs.  1-4,  or 
Lomatopteris  cirinùa  Sap.,  1.  c,  p.  409,  pL  52,  figs.  1,  2.  He 
also  mentions  Cycadopteris  as  developed  in  the  Triassic  as  de- 
serving  comparison.  Judging  from  the  photograph  alone,  Doc- 
tor  White  is  inclined  to  think  G,  sterlingi  close  to  G.  splendens^ 
and  siiggests  the  possible  occurrence  of  intermediate  forms. 
The  peculiar  shape  of  the  pinnules  of  the  former  species,  men- 
tioned  in  the  description — pinnules  enlarged  above  the  base,then 
sloping  at  first  abruptly,  afterward  very  gradually,  to  a  slender 
apex,  the  auricle  eut  ofF  from  the  pinnule  by  a  distinct  lobe — 
seems  to  be  a  character  constant  for  this  species  and  separating 
it  from  the  other.  No  intermediate  forms  hâve  yet  been  found 
justifying  a  doser  comparison  between  the  two  species. 


A  RECONNAISSANCE  IN  THÊ  ELUE  VALLEY  PEBMIAN. 

BY    J.  W.    BEKDE. 
With  Plate  XLIII. 

This  paper  bas  to  do  largely  with  the  lower  Permian  and  the 
iipper  portion  of  the  Coal  Measures,  as  they  are  represented  in 
Kansas  north  of  the  Kansas  river  and  in  southern  Nebraska. 
The  sections  given  hère  are  selected  near  the  railroads,  so  as  to 
be  of  easy  access  for  comparison  to  any  one  wishing  to  study 
them. 

The  Blue  Valley  &  Northern  railroad  runs  along  the  Big  Blue 
river  from  Manhattan,  in  the  upper  Wabaiinsee  formation,  to 
the  upper  Chase  formation,  near  Béatrice,  Neb.  At  Stockdale, 
and  north  toCleburne,  a  most  excellent  idea  of  flint-hills  topog- 
raphy  may  be  obtained  from  the  railroad.  The  little  town  of 
Oarrison,  on  the  east  side  of  the  river,  is  located  at  the  foot  of  a 
bluff  more  than  200  feet  high  capped  by  the  Florence  lime- 
stone.  Randolph  is  located  in  a  typical  Permian  valley,  with 
steep  bluffs  on  either  side  ;  Cleburne  is  in  the  mouth  of  a 
typical  Permian  gulch.  By  taking  the  wagon  road  from  there 
to  the  northwest  up  the  gulch,  an  excellent  idea  of  the  pleasures 
of  driving  in  the  fiint  hills  may  be  obtained. 

For  the  study  of  the  upper  Permian,  good  exposures  may  be 
found  from  Waterville  to  Barnes  and  Greenleaf,  on  the  Central 
Branch  (Mo.  Pac),  or  from  Marysville  to  Hanover,  on  the 
Orand  Island.  On  the  latter  road,  the  best  places  to  study  the 
strata  are  a  few  miles  southeast  of  Hanover,  in  the  large  hills, 
some  of  which  are  100  feet  high,  with  ail  the  strata  exposed  in 
the  road.  The  accompanying  map  gives  an  idea  of  the  ap- 
proximate  distribution  of  the  formations. 

WABAUNSËB    FORMATION. 

In  volume  5,  page  119  et  seq.  of  the  Kansas  City  Revi^w  of 
Science  and  Industry,  1881,  Professor  Broadhead  published 
^ome  notes  on  the  geology  of  the  Central  Branch  railroad,  in 
which  he  discusses,  among  other  things,  some  sections  within 

[iai]-K.U.Qr.-A  ix  8-July.  '00. 
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the  area  discussed  iu  tliis  paper.  In  discussing  the  section  at 
Frankfort,  he  says  : 

**At  Frankfort  the  hills  ex  tend  up  probably  150  feet  above  the  Vermillion  val- 
ley,  and  seemed  formed  in  the  lower  portion  chiefiy  of  ehales  for  over  fifty  feet, 
with  probably  one  limestone  suitable  for  building  near  the  lower  part.  Thèse 
beds  I  refer  to  the  middle  Permian,  the  lower  probably  nropping  out  eastwardly. 

'*Toward  the  topof  the  hill  about  four  feet  of  good  building  atone  is  quarrîed. 
In  the  quarry  is  an  ash-gray  magnesian  limestone,  weathering  cream  color,  and 
Works  out  very  freejy.  The  quarry  rock  is  of  a  very  porous  texture,  caused  by  the 
decomposing  and  loss  of  numerous  Fuatdinœ  :  it  also  contains  many  chert  con- 
crétions, wbich  does  not  seriously  interfère  with  its  use  as  a  building  atone. 

**Five  miles  weet  the  same  beds  appear  in  the  bluffs,  but  lower  down,  at  Bar- 
re tt's  station. 

*'Still  farther,  several  miles,  at  Bigelow  station,  thèse  beds  are  well  ezposed, 
and  the  stripping  expored  to  view  better  layers  of  stone.  A  good  deal  of  quarry- 
ing  has  been  done  hère,  and  préparations  are  making  for  much  more. 

*'Inthe  beds  I  observed  the  following  fossils:  Productua  aeiniretictdaivH^ 
with  Fusulinœ  very  abundant,  but  other  foseils  very  rare." 

The  lower  portion  of  the  section  at  Frankfort,  referred  by 
Broadhead  to  the  middle  Permian,  is  the  upper  part  of  the 
Wabaunsee  formation  of  the  Coal  Measures,  while  the  ''ash- 
gray  magnesian  limestone"  is  the  Cottonwood  Falls  limestone. 
That  the  abundant  fauna  of  Derhya,  Seminula  and  Choneies 
should  hâve  been  overlooked  seems  queer  when  the  shale  above 
the  stone  he  describes  unmistakably  at  Barrett  and  Bigelow  is 
almost  composed  of  thèse  shells. 

The  Blue  river  cuts  through  the  Cottonwood  formation  at 
Manhattan  and  well  into  the  top  of  the  Wabaunsee  formation. 
The  geology  of  this  locality  has  been  amply  described  by  Pro- 
fessor  Presser,*  and  only  one  section  farther  north  will  be  given 
for  comparison  with  it.  The  section  is  located  on  the  south  fork 
of  the  Black  Vermillion,  east  of  Barrett  station.  The  section 
rises  from  the  bed  of  the  creek  to  the  top  of  the  hill,  a  half  a 
mile  to  the  westward. 

South  Fork  Section,                                       Jf^;  T«*S|: 

22.   Soil  at  the  top  of  the  hill 5-0  183-0 

21.   Cottonwood  limestone,  best  exposed  in  quarry  south  of  road,    3-f  177— G 

20.   Covered  slope 10—0  174—6 

19.   Gray  limestone,  uneven  texture,  2  to 4—0  164-  G 

18.   Olive  and  reddish  argillaceous  shale  in  the  upper  part^  the 

lower  part  covered 23—0  160—6 

17.   Yellowieh  to  gray  limestone 5—0  137-  6 

16.  Covered  slope,  apparently  composed  of  olive  indurated  shale,  5—0  132—6 
15.  About  two  feet  of  yellowish-gray  limestone,  not  very  fossil- 

iferous 2—0  127—6 

♦Bull.  Geol.  Soc.  Amer.,  VI,  p.  32  et  seq. 
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<y      2u   Ef     1    c     A'  Stimlum.  Total. 

South  Fork  Section,  ft.  in.         ft.  in. 

14.   Coyered  slope 5—0        125—6 

13.   Apparently  layers  of  grayish  limestooe,  on  top  of  firet  little 

hill 8-0        120-6 

12.  lodurated,  yellowish,  calcareous  ehales,  forming  yellowish 
and  olive  iimestones,  three  layers  about  five  feet  apart. 
Producius   nebrascensiSf    Ambocœlia  planoconvexa^ 

and  other  imperfectly  preaerved  fossils 15—0  112 — 6 

11.  Shaly  limestone,  upper  part  of  which  is  a  massive  yellowish 
limestone,  weatheriog  to  a  dirty  gray.  It  con tains  Fusu- 
Un  a  and  maoy  small  fragments  of  fossils.    The  lower  and 

more  shaly  portion  is  not  very  fossiliferous 7—0  97—6 

10.   Yellowish  shale , 8—0  90—6 

9.   Brown,  porous,  fossiliferous  limestone  containing  abundant 

Pleuroj)horu8  subeuneatus 0 — 10  82 — 6 

8.   Yellow  and  olive  indurated  shales,  very  fossiliferous  in  the 

lower  portion 25—0  81—8 

7.  Gray  argillaceous  limestone 0—8  56—8 

6.  Shales,  not  well  ezpoeed,  mostly  olive  or  yellowish 15—0  56—0 

5.   Hard,  gray,  fossiliferous  limestone,  weathering  brown,    8    . 

inches  to 1—0  41—0 

4.  Olive,  clayey  or  slightly  sandy  shales,  about 5—0  40-0 

3.   Covered  slope,  from  creek  bank  to  section  in  road 33—0  35—0 

2.  Gray,  clayey  limestone,  in  creek  bed 0—6  2—0 

1.  Variegated  arenaceous  shale,  in  creek  bed 1—6  1—6 

Nos.  1  and  2  may  hâve  sunken  from  their  original  position, 
though  they  appear  undisturbed. 

COTTONWOOD    FORMATION. 

The  Cottonwood  Falls  limestone  together  with  the  super ja- 
cent  shales  form  the  uppermost  portion  of  the  Coal  Measures. 
In  this  région  the  limestone  is  well  developed,  and  quarried 
wherever  it  outcrops.  It  has  the  characteristic  appearance  hère, 
being  a  whitish  or  buff-gray  limestone,  appearing  white  from  a 
distance,  fiUed,  in  the  upper  portion,  with  Fusxdina  secalica  or 
the  cavities  from  which  they  hâve  been  dissolved.  Chert  con- 
crétions are  often  prominent  in  the  upper  portion.  The  over- 
lying  shale,  however,  seems  to  be  thinner  hère  than  to  the 
southward  across  the  Kansas  river.  They  average  a  trifle  over 
two  feet  thick  in  this  région,  being  scarcely  two  feet  in  thick- 
ness  at  the  Hawk  quarry,  at  Beattie.  The  chief  quarries  are 
located  at  Barrett,  Bigelow,  Florena,  Manhattan,  and  Beattie. 
At  Frankfort,  the  quarries  are  located  on  the  tops  of  the  hills 
southeastof  the  city.  There  is  very  little  soil  above  the  lime- 
stone, and  it  is  split  into  large  blocks  of  flagging;  the  lower 
portion  of  the  upper  layer  is  used  for  this  purpose  and  the  rest 
is  used  for  building  purposes. 

As  early  as  1858   Mr.  Henry  Englemann   noted  this  rock. 
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probably  in  the  vicinity  of  Frankfort  or  Barrett.  After  referring 
to  tlie  rocks  near  Seneca  and  westward,  he  says  :  '*0n  the  Ver- 
million,  some  miles  south  of  the  road,  a  whitish  magnesian 
limestone  is  quarried,  remarkable  on  account  of  the  large  num- 
ber  of  small  cavities  which  it  présents,  ail  caused  by  the  weath- 
ering  out  of  Fusulina  cylindrica.  A  stratum  very  much  like 
this  has  been  observed  near  the  mouth  of  the  Blue  river,  and 
No.  22  of  Messrs.  Meek  and  Hayden's  section  présents  the  same 
character."*  There  can  be  but  little  doubt  that  the  stone  re- 
ferred  to  at  the  mouth  of  the  Big  Blue  and  that  mentioned  hère 
were  the  Cottonwood  limestone.  Bed  24  of  Meek  and  Hayden 
is  the  Cottonwood,  according  to  Presser. f 

Prof.  E.  B.  Knerr,  in  discussing  the  Frankfort  section,  says  : 
*'  South  of  Frankfort  the  bluffs  rise  to  a  height  of  160  feet  above 
the  railroad,  and  hâve  the  Cottonwood  Falls  limestone  on  their 
sumraits,  about  four  feet  thick.  Beneath  thèse  to  the  base  of 
the  bluff  is  a  succession  of  shales  fifteen  to  thirty  feet  thick» 
alternating  witli  ledges  of  limestone  eight  to  five  feet  thick. 
The  ledges  of  limestone  terrace  the  bluffs,  about  six  terraces 
being  especially  prominent. "J 

„.       ,  Ci-         a  Stratum.      Total. 

Bigelow  Section.  %  ft.  in.      ft.  in. 

4.   Impure  limestone 2—9       9—1 

3.  FossiliferouB  shales 2—7        6—  4 

2.  Cottonwood  Falls  limestone,  upper  part 2—3       3—9 

1.  Lower  stratum  of  the  same 1 — 6        1 — 6 

The  limestone  at  this  locality  is  unusually  white,  and  works 
much  better  than  that  from  the  région  of  Beattie  or  the  large 
Florena  quarry.  A  fîsh  tooth  and  a  spécimen  of  a  large  Orbicu- 
loidea  were  taken  from  the  shales  at  this  place.  A  section  of 
the  Mead  quarry,  at  Barrett,  is  given  below  for  comparison. 
The  section  is  taken  at  the  north  end  of  the  quarry. 

^f€ad  Quarry  Section.  ^\  ^:     T«*f.|; 

4.  Shalj,  argillaceous  limestone 1—2        9—7 

3.  Yellowish  fossilifero us  shales 3—8        S— 5 

2.  Nearly  white  limestone  (  Cottonwood  ),  three  layers 4—9        4—9 

1.   Slope  covered,  about  fifty  feet. 

No.  3  of  this  section  (the  Cottonwood  shales)  is  richer  in  fossils 
hère  than  at  any  other  locality  north  of  the  Kansas  river.     No.  4 

*  Simpson,  Expl.  Gt.  Basin  Utah,  1859,  p.  204. 

tLoc.  cit.,  p.  37. 

JUniv.  Geôl.  Surv.  Kans.,  II,  p.  143. 

§Sunflower  quarry,  central  part  (the  limestone  shows  thicker  farther  south). 

Il  Between  Barrett  and  Bigelow. 
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is  coDsiderably  thicker  at  some  localities  than  at  others.  At  the 
Hawk  quarry,  at  Beattie,  it  is  seven  feet  in  thickness.  For 
comparison,  the  Hawk  quarry  section  is  given  below  : 

Hawk  Quarry  (at  Beattie).  ^^^  J^^^; 

7.   Hard  shales  and  argillaceous  limestones 7 — G  19-(- 

6.  Limeatone 1—8  12—2 

5.  Limeatone 1—6  10—6 

4.   Very  hard  fossiliferous  shale 2—0       9—0 

3.  Limeatone  with  abundant  Fusulina  and  chert  nodules 2—8       7—0 

2.  Limeatone  with  thin  layers  of  chert  concrétions 2 — 0       4—4 

1.   Gray  limeatone  with  blue  streak  through  center 2—4        2—4 

Nos.  1  to  3  are  the  Cottonwood  Falls  limestone.  The  différ- 
ence in  the  appearance  of  the  shale  is  probably  due  to  the  greater 
protection  which  it  had  in  this  quarry,  and  suggests  that  it  migbt 
be  difficult  to  correlate  sections  in  this  région  by  well  records, 
as  the  argillaceous  limestones  and  calcareous  shales  would  pré- 
sent about  the  same  appearance  to  the  average  workman. 

The  above  sections  give  an  ample  idea  of  the  Cottonwood 
formation  in  this  région.  The  Florena  section  would  be  a  répé- 
tition of  the  others.  On  the  whole,  it  présents  about  the  same 
appearance  as  south  of  the  Kansas  river.  The  stone  has  the 
same  color  and  texture  and  thickness  and  is  extensively  quarried 
in  many  places.  The  overlying  shales  âeem  to  be  a  little  thin- 
ner  hère  than  south  of  the  Kansas  river,  but  présent  the  same 
faunal  characteristics,  with  their  millions  of  CJioneies  granulifer 
and  many  Derbya  and  Stminxda  argintea.  This  characteristic 
is  quite  as  prominent  a  feature  as  the  texture  and  color  of  the 
limestone  below. 

NEOSHO    FORMATION. 

This  formation,  the  base  of  the  Permian,  is  a  rather  narrow 
band  geographically,  and  follows  closely  the  underlying  Cot- 
tonwood formation,  as  it  is  not  much  more  than  100  feet  in 
thickness,  and  the  escarpments  formed  by  the  Strong  flint  and 
Cottonwood  limestone  are  generally  rather  close  to  each  other. 
Professor  Knerr  gives  a  section  in  this  formation  near  Bigelow 
which  would  show  it  to  be  ninety-eight  feet  in  thickness.  His 
section  of  the  bluffs  is  as  follows  :  * 

*'A  little  south  of  Bigelow  the  Permian  first  becomes  conspicuous  in  the  bluffs 
called  Twin  Mounds.  Hère  the  Cottonwood  Falls  rock  is  thirty  feet  above  the 
railroad,  and  is  six  feet  thick. 

*Loe.  ctt; 
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"The  followiDg  section  is  observed  reaching  from  the  top of  the mound  to  this 
Gottonwood  Falls  rock: 

**  1.  Ten  feet  of  limestone,  with  flint  nodules  very  abundant  in  the  upper  por- 
tion. 

"2.  Fifty  feet  of  bufF  shales  and  thin  limestones. 

'*3.  Thirty  inches  of  porous  limestone,  with  eight  to  ten  inches  of  prismatic 
blue  flint  overlying  it. 

**4.   About  thirty  feet  of  shales  and  thin  limestones. 

*'5.  Thirty  inches  of  hard  prismatic  limestone. 

**6.  Two  feet  and  ten  inches  of  a  compact  limestone. 

"7.  A  three-foot  bed  of  calcareous  shales  very  full  of  fossils. 

*'The  upper  8trata(l)are  very  characteristic  and  persistent.  They  were 
traced  north  along  the  Blue  river  to  the  Nebraska  Une  and  west  to  Washington 
county .  They  occasion  the  flat-topped  bluffs  so  oonspicuous  on  either  side  of  the 
Blue  river  from  Bigelow  to  Waterville.  The  flint  nodules  in  the  upper  stratum 
are  quite  like  agate  in  concentric  structure.  The  limestone  in  which  they  are 
embedded  is  quite  soft,  and  weathers  easily,  leaving  the  nodules  ezposed  and  pro- 
truding." 

The  Strong  flint  passes  beneath  the  Big  Blue  river  about 
three  miles  south  of  Marysville,  and  the  Florence  flint  passes 
on  north  into  Nebraska.  According  to  Knerr,  the  flint  on  top 
of  the  hills  at  Waterville,  Blue  Rapids,  Marysville,  Irving  and 
at  Twin  Mounds  is  ail  the  same.  From  his  section,  it  is  diffi- 
cuit  to  ascertain  whether  the  Strong  flint  or  the  Florence  flint 
is  meant,  because  both  flints  occur  in  the  région.  The  bluffs 
at  Irving  are  certainly  capped  by  the  Strong  flint,  as  are  also 
those  north  of  Blue  Rapids,  while  the  bluffs  at  Waterville, 
Marysville  and  northward  contain  the  Florence  flint  and  lime- 
stone. 

The  following  section,  on  the  north  side  of  the  Dennis  farm, 
just  east  of  Bigelow,  passing  up  the  hill  going  east,  gives  an 
excellent  idea  of  the  Neosho  formation  in  the  north  Kansas 
Permian.  The  section  is  exposed  in  the  road  and  every  inch 
of  the  strata  is  visible.  The  section  is  given  in  minute  détail, 
to  give  an  idea  of  the  gênerai  nature  of  the  formation  hère. 
While  the  minute  détails  vary  in  going  a  short  distance,  yet 
the  gênerai  appearance  does  not  vary  greatly. 

Dennis  Section,  east  of  Bigelow.  *                          g^  J^^ 

21.  Gray  limestone  near  the  top  of  the  hill ? 

20.  Shales,  uppermost  part  quite  calcareous 15 — 0  86 — é 

19.   Gray  limestone 1—2  71—4 

18.  Green  and  red  shales 12—0  70—2 

17.  Gray,  impure  limestone  with  Pseudomonotis 2—0  58—2 

16.  Dark  red  and  yellow  shales 10—0  56—2 

15.  Gray  limestone  in  four  thin  layers 1 — 8  46—2 

*  North  side  section  12,  Bigelow  township. 
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Dennla  Section,  east  of  Bigelow.                         fj^  J^*?^; 

14.   Olive  shalee 3—6  44—6 

13.   Greenish-gray  limestone,  many  small  fragments  of  foeslls, 

shaly  in  the  middle 1—0  41—0 

12.   Yellowiflh  arenaoeous  shales 1—6  40—0 

11.   Llght  gray,  fine-grained  sandstone 0—6  38—6 

10.   Green  shales 10—0  38—0 

9.  Three-inch  layer  of  clayey  limestone 0—3  28-0 

8.   Olive  to  yellowish,  mostly  indurated  shales,  soft  above,  with 

small  calcite  nodules ....  10—0  27—9 

7.   Mud-cracked  limestone,  a  oontinuation  of  the  stratum  below,    5—0  17—9 
6.    Yellowish-gray,  clayey    limestone    or  iodurated  calcareous 

shale 0-6  12—9 

5.    Yellow  shale,  fossiliferous  (  Derby  a  crasaa  ) 1—0  12—3 

4.  Shaly  argillaceous  limestone,  massive  above,  grading  into 

stratum  below 1—6  11—3 

3.    Yellowish  fossiliferous  shale,  about 4—0  9—9 

2.   Cottonwood  limestone  layers,  aggregating 5—9  5—9 

1.   Covered  slope  to  the  little  creek  below,  about  thirty-nine  feet. 

Some  distance  above  this  section  the  Strong  flint  sets  in.  It 
will  be  noticed  that  there  is  no  limestone  with  a  layer  of  flint 
above  in  the  above  section,  as  given  by  Professer  Knerr  in  the 
section  farther  west,  though  the  section  rises  considerably 
higher  above  the  Cottonwood  limestone.  However,  there  is 
such  a  layer  at  Blue  Rapids,  in  the  creek  west  of  the  Great 
Western  Plaster  Company's  mill,  on  the  road  running  north. 

Prof.  G.  C,  Broadhead  (loc.  cit.)  observed  a  section  near  Blue 
Rapids  which  includes  at  least  a  part  of  the  Neosho  formation 
and  part  of  the  Chase.  He  states  that  it  is  a  gênerai  section. 
It  probably  extends  back  into  the  hills  a  considérable  distance. 
The  section  is  as  foUows  : 

'*The  following  is  about  a  gênerai  section  of  the  rocks  seen  at  Blue  Rapids, 
ten  miles  further  west  [from  Bigelow],  and  includes  beds  still  above  those  just 
named,  and  also  Permian  : 

'*  1.  On  hilltop  a  bed  of  limestone  near  summit. 

*' 2.  One  hundred  feet  probably  ail  shale;  some  chert  on  slopes. 

'*3.   Four  feet  of  magnesian  limestone,  in  layers  of  four  to  twelve  inches. 

**  4.  Fifteen  feet  shales  with  small  géodes. 

**5.  Four  feet  limestone  in  sizteen-inch  layers;  eolor  whitish  drab,  with  blue 
chert  between  the  layers.  This  limestone  is  much  used  in  building  in  Blue  Rap- 
ide, and  affords  a  handsome  building  rock. 

''6.  Thirty  feet  shales. 

**7.  One  and  one-half  feet  good  bed  of  building  stooe,  coarsely  cellular;  also 
eztensively  used. 

••8.   Thirty  feet  shales,  red  in  lower  part. 

"9.   Four  feet  limestone. 

"10.   Four  feet  nodular  shales. 
14-K.U.Qr.    A-ix3 
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'*  On  river  bluffs  above,  the  red  shales  at  several  places  carry  lenticular  forma 
of  gypsum,  often  snowy,  and  in  quantity  sufl9cient  to  utilize.  There  is  a  mill  at 
Blue  Rapids  constantly  engaged  in  grinding  it  up  for  plaater.  Some  of  thèse 
beds  are  nine  feet  thick.  A  strange  feature  was  observed  in  some  of  the  lower 
beds  of  thèse  rocks.  In  five  feet  thickness,  observed  four  beds  of  rock  of  nearly 
uniform  thickness,  sizteen  to  twenty-five  inches,  eaoh  one  with  a  layer  of  blue 
chert  on  top.*' 

He  does  not  state  which  stratum  of  the  above  section  the  last 

two  sentences  of  the  quotation  refer  to,  but  from  the  reading 

they  refer  to  No.  5,  which  is  the  Strong  flint.     He  notes  the 

fossils  collected  in  this  section  in  the  following  manner  : 

^^Fusulina  cylindrica  abounds;  also  found  Afhyns  subtilita,  Productus 
semireticulatus,  Chonetca  grnnulifti\  Eumicrotin  hatvnii,  Hemipronites 
creniatria.^^ 

Dr.  G.  P.  Grimsley  also  gives  a  somewhat  generalized  section 
of  the  rocks  as  they  appear  in  the  bluff  at  the  Great  Western 
pi  aster  mill.* 

This  section  will  be  seen  to  compare  in  a  rough  way  with 
Broadhead's  section,  the  différence  probably  being  due  to  the 
sections  being  taken  at  difl'erent  localities.  The  top  of  Grims- 
ley's  section  corresponds  to  No.  5  of  the  Broadhead  section. 

This  formation  extends  up  the  Blue  river  nearly  to  Marys- 
ville,  and  west  to  Waterville,  and  on  Wildcat  creek  west  of 
Manhattan,  a  little  beyond  Keats.  It  extends  north  into  Ne- 
braska,  in  the  vicinity  of  Summerfîeld,  and  is  quite  prominent 
in  Pottawatomie  county. 

THB    CHASE    FORMATION. 

The  Strong  Flint. — The  geography  of  this  stratum,  which 
forms  the  base  of  the  Chase  formation,  is  the  same  as  that  of 
the  previous  formation.  It  is  quite  prominent  at  Keats,  Irving, 
and  Blue  Rapids.  At  many  other  points  it  is  of  less  marked 
importance,  though  always  a  well-marked  terrace  or  escarpment. 
The  stratum  can  perhaps  be  best  studied  at  Waterville  and  Gar- 
rison,  where  the  following  sections  were  taken.  The  one  at 
Waterville  is  from  the  west  side  of  the  road,  north  of  the  Water- 
ville bridge  over  the  Little  Blue  river.  guita».       toui. 

ft.  in.  ft.  in! 
5.  Tbree  layere  of  flint  alternating  with  limestone,  some  of  the 

layers  of  flint  nearly  a  foot  tibiick  in  places 4—0  12—0 

4.   Limestone,  from  1  foot  to   4—0  8—0 

3.   Calcareoufl  shale 1—0  4—0 

2.  Massive  limestone,  with  layer  of  flint  in  the  top 3—0  3—0 

1.   Yellowish  shales  and  covered  slope  to  river-bed. 

*Unîv.  Geol.  Surv.  Kans.,  V,  p.  54. 
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Section  on  south  side  of  creek,  a  quarter  of  a  mile  west  of  the 
junction,  at  Garrison  :  *  stratnm.       Total. 

ft.  in.  ft.    io. 

8.   Limestone  and  flint 2—0  15—0 

7.   Flint 0—4  12—10 

6.   Hard  yeJlowish  limestone,  weathering  to  li^ht  gray 1—4  12 —  6 

5.   Limestone,  with  four  inches  of  flint  above 1 — 1  11—  2 

4.   Clay,  parting  with  warty  limestone  above 1 — 0  10 —  1 

3.   Limestone,  half  flint  through  the  middle 1—1  9—  1 

2.   Blue  shales 2—0  8—  0 

1.   Limestone 6—0  6—0 

Covered  from  bottom  of  section  to  creek  bed. 

A  portion  of  the  section  at  Water ville  was  covered,  and  it  îs 
quite  possible  that  a  portion  of  both  top  and  bottom  of  the  sec- 
tion was  not  exposed.  Âbove  that  section  are  many  feet  of 
clay  deposit  of  récent  âge,  resembling  not  a  little  the  reddish 
drift  clays  of  the  eastern  part  of  the  state.  There  are  also  good 
exposures  of  the  Strong  flint  east  of  Irving,  where  it  forms  the 
tops  of  the  steep  blufifs  on  the  east  side  of  the  Blue  river.  East 
of  Blue  Rapids  this  flint  is  exposed  in  the  heads  of  the  little 
creeks. 

The  outcrop  frora  the  Strong  flint  to  the  base  of  the  Florence 
flint  is  almost  always  covered.  I  know  of  no  locality  where  the 
entire  strata  are  exposed.  For  some  distance  above  the  Strong 
flint  are  shales  and  thin  limestones,  and  for  about  forty  feet 
below  the  Florence  flint  are  blue,  green  and  olive  shales,  with  a 
two-foot  stratura  of  limestone.  Thèse  shales  are  best  exposed 
at  the  base  of  the  folio wing  section,  west  of  Garrison. 

Florence  Flint  and  Limbstonb. — Thèse  are  the  most  marked 
and  striking  deposits  in  the  Blue  Valley  région.  They  are  al- 
ways prominent,  adding  more  than  any  other  single  group  of 
rocks  to  the  ruggedness  of  the  flint  hills.  Its  forty  or  fifty  feet 
of  flint  and  limestones  underlaid  with  soft  shales  make  its  out- 
croppings  précipitons  where  ver  they  occur. 

Prof.  W.  C.  Knightf  has  correctly  correlated  thèse  rocks  with 
those  of  Wymore,  Neb.  They  are  prominent  in  the  bluffs  of  the 
Blue  river  from  Wymore  to  Stockdale,  Kan.,  being  interrupted 
at  Blue  Rapids  by  a  local  fold  in  the  strata.  At  Oketo  it  is  a  lit- 
tle under  1250  feet  A.  T.,î  and  at  Garrison  it  is  about  1200  feet 

*Since  comparing  this  seotion  with  others  of  the  FloreDce  flint,  it  seems 
possible  that  it  may  be  a  dislodged  portion  of  a  cliff  of  the  Florence  flint,  though 
it  appears  to  be  in  its  natural  position. 

t  Jour.  Geol.,  VIII,  p.  36S  (  1889). 

X  U.  S.  Topographie  Sheets. 
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A.  T.  Garrison  is  considerably  west  of  Oketo,  this  showing  a 
slightly  northerly  dip  of  the  strata,  beside  the  usual  dip  of 
twenty  feet  or  more  to  the  mile  to  the  westward.  Blue  Rapids 
is  about  due  north  of  Garrison  and  four  miles  west  of  Oketo. 
According  to  thèse  data  and  the  élévation  of  the  bluffs  at  the 
Great  Western  mill,  the  Florence  flint  and  limestone  should  oc- 
cupy  a  position  there  as  low  or  even  lower  than  that  occupied 
by  the  Strong  flint,  showing  the  anticline  at  this  place  to  be 
seventy-five  or  eighty  feet. 

A  similar  fold  occurs  with  its  crest  at  Wymore,  Neb.  Ac- 
cording to  the  direction  of  the  river  and  the  dip  of  the  strata, 
the  Florence  flint  should  be  either  in  or  beneath  the  bed  of  the 
river  at  Wymore,  while  as  a  matter  of  fact  it  is  high  above 
it  ;  the  bluffs  formed  by  it  rising  90  or  100  feet  above  the 
water.  This  is  clearly  brought  out  by  Knight's  détermination 
of  the. dip  of  the  strata  in  this  région,  concerning  which  lie 
says  :  *  '*It  was  found  that  thèse  rocks  had  a  southern  dip  of 
five  feet  to  the  mile." 

The  study  of  the  Nebraska  portion  is  left  largely  to  the  Ne- 
braska  geologists,  who,  I  was  informed,  made  a  very  careful 
survey  of  the  région  there  the  previous  summer.  Professor 
Knight's  paper  brings  out  the  salient  features  very  clearly. 

The  best  section  of  this  flint  and  limestone  north  of  the  Kan- 
sas  river  is  near  the  dépôt  at  Oketo.  Hère  almost  the  entire 
section  is  shown  in  a  single  vertical  exposure.  This  section, 
together  with  the  quarries,  gives  an  excellent  idea  of  the  ap- 
pearance  of  this  limestone  and  flint  in  the  Nebraska  and  north- 
ern  Kansas  area.  It  differs  somewhat  from  the  same  rocks 
farther  south,  as  will  be  noticed'in  the  foUowing  sections. 
There  is  also  some  différence  in  appearance  in  the  quarry  sec- 
tions and  the  weathered  exposures. 

Okclo  Section  Florence  Flint  and  Limestone^  near  the  dépôt, 

Stntnm.  Total, 

ft.  in.  ft.  in. 

13.   Oolite,  same  as  in  the  Moore  quarry -f 

12.  Light-colored,  calcareous,  indurated  shale 2—  0  56—11 

11.   Yellowish,  irregular,  perhaps  siliceous  limestone 2 —  0  54—11 

10.   Massive  limestone,  similar  to  No.  9,  bat  more  yellow  on 

weathering  and  is  fossiliferous 4—  5  51—11 

9.   Massive  limestone,  cellular,  or  with  little  géodes,  olive  bufF,    . 

weathering  to  yellowish  gray 5—0  47—  6 

8.   Yellowish  shale 5—0  42—  6 

*Loc.  cit.,  p.  369. 


BEEDE:    RECONNAISSANCE   IN   THE  BLUE   VALLEY.  201 

Oketo  Section  Florence  Flint  and  Limestone,  near  the  dépôt. 


Total, 
ft.  in.  ft.  in. 

7.  Drab,  clayey,  blocky  limestone S — 6  37—6 

6.  Bluish,  shaly  limestone 7—  0, .  .  34 —  0 

5.  Third  layer  of  limestone,  containing  flint 4 —  0  27—  0 

4.  Limestone  with  great  quantities  of  dark  flint 6 —  6  23 —  0 

3.  Limestone  with  four  prominent  layers  of  dark  flint 3—  8  16—  6 

2.  Blue,  argillaceous,  shaly  limestone 2—10  12—10 

1.  Red  and  variously  colored  shales  or  maris 10—  0  10 —  0 

Add  to  this  the  rocks  exposed  east  of  town,  and  we  hâve  the 
following  section  :  Oolite,  two  feet  six  inches  :  shaly  rock  and 
covered  slope,  ten  feet,  with  a  two-foot  "foundation"  rock. 
This  makes  the  complète  section  of  the  Florence  limestone  and 
flint  as  it  appears  in  the  north  Kansas-Nebraska  région.  The 
oolite  seems  to  be  confined  to  the  northern  part  of  the  région. 
West  and  south  of  Marysville,  near  the  head  of  Walnut  creek, 
north  of  Waterville,  the  heavier  limestone  forming  the  bluffs 
there  shows  some  oolitic  structure,  which  is  the  farthest  south 
that  it  was  observed.  At  Marysville,  the  upper  very  fossilifer- 
ous  rock,  in  the  pasture  north  of  the  road  running  east,  shows 
brownish  oolite  in  places. 

A  fairly  good  exposure  of  the  Florence  flint  and  limestone  is 
shown  in  the  hill  a  mile  and  a  half  north  and  a  little  east  of 
the  Waterville  bridge,  in  the  road  running  up  the  hill.  There 
are  more  than  thirty-five  feet  of  them  exposed  hère  ;  the  lower 
twelve  feet  are  flints  and  limestone,  above  which  are  shaly 
limestones  to  the  main  ledge,  of  which  three  feet  are  shown. 
Above  this  are  red,  green  and  olive  shales,  with  a  few  thin 
shaly  limestones  for  about  thirty-five  feet,  over  which  lies  an 
ill-exposed  limestone. 

FLORENCE    FLINT    WEST    OF   GARRISON. 

About  a  mile  west  of  Garrison  is  a  very  high  bluff  facing  the 
east,  on  the  south  side  of  the  railroad.  There  is  not  a  contin- 
uons section  at  this  place  ;  but,  by  beginning  at  the  northern 
part  of  the  exposure  in  the  creek  and  working  to  the  base  of  the 
flint,  and  then  going  south  where  the  bluff  becomes  steeper,  and 
continuing  from  the  base  of  the  flint  to  the  top  of  the  bluff,  the 
following  section  may  be  seen  : 

Oarrison  Section,  ^'^  T°*f^; 

12.  Thin  layér  or  two  of  limestone 2-f 

11.   Massive  hard,  gray  limestone,  weathering  very  rough 4—8  88 — 8 

10.   Yellow  shale  and  covered  slope 15—0  84—0 
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Oarrison  Section,  ^^  J^^n. 

9.   Plintandjimeston© 3—3  69—0 

8,   Yellow  foseiliferons  ahale 2—6  65-9 

7.   Limestone  and  flint 2—0  63—3 

6.  Thin  layer  of  yellow  shale 1—0  61-3 

5.  Alternating  layers  of  flint  and  Hmestone 14 — 0  60-3 

4.  Red,  yellowish  and  (^reenieh  sfaales 23—0  46-3 

3.  Shaly  Hmestone 1--3  23-3 

2.  Qrayiflh  Hmestone 2-0  22—0 

1.  Ck)vered  slope  from  creek  bed,  about 20—0  20-0 

MARION    LIMESTONB. 

The  greater  part  of  the  time  was  spent  in  studying  the  Florence 
flint  down  to  the  Wabaunsee  formation  and  the  collection  of 
fossils  for  comparison  with  those  of  the  Coal  Measures.  For 
tbis  reason,  but  little  time  was  given  to  the  higher  strata. 

The  Marion  limestone  is  found  in  the  higher  of  the  élévations, 
near  Barnes.  It  is  much  less  conspicuous  than  is  the  Florence 
flint  and  limestone  of  the  région .  Aliove  this  limestone  the  rough 
country  of  the  flint  hills  disappears,  and  we  hâve  a  level  prai- 
rie extending  westward  to  the  Cretaceous,  which  appears  west 
of  Greenleaf .  This  limestone  and  the  overlying  Marion  forma- 
tion are  found  east  of  the  Little  Blue  on  the  higher  land,  and  on 
to  the  sôuthward,  to  the  vicinity  of  Riley  Conter  and  Fort  Riley. 
It  may  appear  also  in  the  vicinity  of  Fostoria,  in  Pottawatomie 
county. 

The  characteristic  concrétions  of  this  limestone  are  probably 
présent  in  this  area,  though  probably  less  conspicuous  than  in 
the  southern  area. 


SOUTH  AMERICAN  MUSOIDJE  IN  THE  COLLECTION  OF 
S.  W.  WILLISTON. 

BY   GARY    DE    N.  HOUGH. 
(  With  Platon  XLIV,  XLV.) 

The  foUowing  notes  and  descriptions  are  the  results  of  tbe 
study  of  material  submitted  to  me  for  examination  by  Dr.  S. 
W.  Williston,  of  the  University  of  Kansas.  The  material  was 
collected  by  Mr.  H.  H.  Smith,  about  fifteen  years  ago,  mostly 
in  Brazil. 

OALLIPHOBIKiE. 
Lucilia  cœsar  L. 

Lucilia  parenais  Macq. 
Lucilia  princeps  Rond. 

A  number  of  spécimens  of  this  cosmopolitan  species  are  con- 
tained  in  the  collection.  Some  of  them  agrée  with  Macquart's 
description  of  L.paremis,  and  others  with  Rondani's  of  L.prin- 
ceps,  I  can  find,  however,  no  structural  différences  whatever 
between  thèse  and  the  typical  L.  casar,  to  whicll  I  therefore 
refer  them. 

Wiedemann,  Macquart,  Desvoidy,  Rondani,  Walker,  and 
Bigot,  who  hâve  described  nearly  ail  the  South  American  Cal- 
liphorinae  of  our  catalogues,  rarely  mention  any  structural  dif- 
férences, but  rely  wholly  on  color  for  separating  the  species. 
There  can  therefore  be  little  doubt  that  most  of  the  published 
names  are  synonyms  and  will  ultimately  be  dropped.  It  is 
very  important  to  recognize  the  fact  that  color  is  of  very  little 
importance  for  distinguishing  species  in  the  gênera  Lucilia, 
Pliormia,  and  Ckrifsomyia,  because  ail  the  species  are  colored 
about  the  same,  and  in  each  species  the  indiyidual  variation  is 
great.  Metallic  purple,  green,  blue,  bronze  and  copper  color 
are  the  prevailing  tints,  and  occur  in  nearly  every  species,  even 
on  différent  parts  (or  with  varying  incidence  of  light)  of  the 
same  individual. 

[203J-K.D.Qr.-A  iz  3-July,  '00. 
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Ohrysomsria  segmentaria  Fabr. 
Musca  segmentaria  Fabr.,  Wied. 
Chryêomyia  hyacinthina  R.  D. 
Lucilia  hyacinthina  Macq. 
Lucilia  nuhipennis  Bond.  ' 
Mya  semidiaphana  Rond. 

Wiedemann  expressly  states  in  his  préface  that  he  had  access 
to  the  collection  of  Fabricius  and  to  the  Lund  collection,  from 
which  Fabricius  described  many  species.  Wiedemann's  positive 
assertion,  tberefore,  that  his  M,  segmentaria  is  that  of  Fabricius 
and  that  Fabricius  made  a  mistake  in  his  description  must  be 
accepted.  Rondani  suggested  the  name  Lucilia  nuhipennis  in 
place  of  L,  segmentaria  Wied.,  which  he  considered  différent  on 
account  of  the  différence  in  the  descriptions  above  referred  to  ; 
but,  since  segmentaria  Wied.  is  the  same  as  segmentaria  Fabr., 
the  name  suggested  by  Rondani  must  be  dropped. 

Desvoidy's  description  of  C.  hyacinthina  agrées  with  spécimens 
of  C.  segmentwria  before  me.  Desvoidy's  name  must  therefore 
be  given  up. 

Macquart  thought  he  had  Desvoidy's  species,  but  referred  it 
to  Lucilia,  Rondani's  description  of  Mya  semidiaphana  agrées 
with  spécimens  before  me,  except  that  he  says  the  haltères  are 
white.  Some  of  my  spécimens  hâve  pale  yellow  haltères,  and 
such  a  color  différence  is  of  no  spécifie  value. 

Eight  maies  and  three  females  ;  Chapada  ;  November  or  un- 
dated. 

There  is  very  little  to  add  to  Wiedemann 's  description  of  the 
color  of  this  species.  He  says  that  the  thorax  is  yellow  on  the 
four  corners  and  that  the  pleursB  are  ferruginous  yellow,  though 
if  looked  at  in  a  certain  direction  they  hâve  a  green-gold  luster. 
This  is  -true  of  but  one  of  my  spécimens.  AU  the  rest  hâve 
thèse  parts  of  the  same  color  as  the  dorsum  of  the  thorax.  The 
tibia"  and  tarsi  may  be  almost  as  yellow  as  the  femora. 

For  about  the  middle  two-fourths  of  the  front  the  eyes  of  the 
maie  are  almost  in  contact,  the  frontal  vitta  having  entirely 
disappeared  and  the  geno-vertical  plates  being  reduced  almost 
to  nothing.  Transfrontal  bristles  are  présent  only  on  that  part 
of  the  front  which  is  ventrad  this  narrow  portion.  The  great 
ocçUar  bristles  are  small  and  parallel.  The  lesser  ocellars  are 
hardly  visible.  The  usual  vertical  bristles  are  absent,  except  a 
small  inner  vertical. 
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The  head  of  the  female  is  3.0  mm.  wide  in  one  of  the  spéci- 
mens and  3.1  in  the  others,  the  front  being  in  the  former  0.8 
mm.  and  iû  the  latter  0.9  in  width.  The  vitta  is  not  poUinose. 
The  geno-vertical  plates  are  yellowish  gray  poUinose  on  their 
ventral  half  or  two-thirds,  polished  on  the  dorsal  half  or  third. 
The  transfrontal  bristles  are  ten  or  twelve  in  number  and  are 
rather  stout  (as  are  ail  the  bristles  of  the  head).  Laterad  the 
transfrontals  are  two  proclinate  orbitals  in  the  usual  position 
and  ventrad  thèse  a  number  of  tiny  bristlets.  The  great  ocellar 
bristles  are  normal  in  direction  but  not  large.  There  are 
several  pairs  of  lesser  ocellars,  one  of  which,  situated  just 
caudad  the  posterior  ocelli,  is  about  half  as  large  as  the  great 
ocellar,  while  the  post vertical  is  very  small  and  délicate.  Lat- 
erad thè  ocelli  is  one  ascending  frontal.  The  inner  and  outer 
vertical  bristles  are  of  good  size  ;  the  occipito-central  is  présent, 
the  occipito-lateral  absent. 

The  cilia  of  the  posterior  orbit  form  a  single  normal  row  in 
both  sexes.  The  dorso-ventral  diameter  of  the  bucca  is  one- 
fourth  that  of  the  head. 

The  chaetotaxy  of  the  thorax  is  shown  in  figure  1.  There  is 
some  variation  in  the  dorso-central  bristles.  We  always  find 
three  caudad  the  transverse  suture,  as  represented  in  the  dia- 
gram.  The  most  caudad  is  the  largest,  and  the  third  is  the 
smallest  of  thèse  three.  Cephalad  thèse  we  find  either  one  or 
two  more,  so  small  as  to  be  distinguished  with  some  difficulty 
from  the  microchœtœ.  If  but  one  is  présent,  it  is  larger  than 
either  of  the  two,  if  two  are  présent.  Cephalad  the  transverse 
suture  there  are  always  two  of  small  size  and  sometimes  a  third; 
which  may  be  midway  between  the  other  two  or  nearer  the 
more  cephalad  of  them.  I  hâve  indicated  in  the  diagram  that 
there  are  two  small  bristles  on  the  dise  of  the  scutellum.  In 
small  spécimens  there  may  be  but  one,  and  in  large  spécimens 
one  of  the  two  may  be  marginal. 

In  the  Sarcophaginae,  Calliphorinœ,  Muscinae,  and  Cœnosiinsp, 
the  bristles  of  the  scutellum  are  as  foUows  :  (1)  Jugal,  a  small 
bristle  inserted  on  the  caudal  end  of  the  little  jugum,  which 
unités  the  scutellum  near  its  cephalo-lateral  angle  with  the 
mesonotum  ;  (2)  postjugal,  the  large  bristle  just  caudad  the 
jugal,  inserted  on'  or  very  near  thè  margin  of  the  scutellum  ; 
(3)  apical,  the  large  bristle  inserted  very  near  the  apex  of  the 
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scutellum  on  or  close  to  the  margin,  and  very  frequently  decus- 
sating  with  its  fellow  of  the  opposite  side  ;  (4)  marginal,  the 
macrochœtse  inserted  on  the  margin  between  the  poatjugal 
and  the  apical  ;  (5)  discal,  always  small  and  often  absent,  in- 
serted on  the  dorsal  surface  of  the  scutellum,  but  not  on  the 
margin.  Of  thèse,  the  jugal  and  postjugal  are  nearly  constant, 
the  apical  is  always  présent,  the  marginal  is  less  common,  and 
the  discal  very  often  absent.  It  is  noteworthy  that,  among  the 
Calliphorinae,  the  gênera  Calliphora,  Protocalliphora,  Phormia 
and  Lucilia  ail  bave  two  marginal  scutellar  bristles,  wbile 
Chrysomyia  bas  either  one  or  none. 

Bristles  of  legs. — Anterior  femora  :  Normal  ;  ail  are  rather 
délicate,  but  stouter  toward  the  apex.  Anterior  tibise  :  On  latéral 
surface  one  bristle  at  about  the  junction  of  the  middle  and  api- 
cal thirds  ;  on  the  mesal  surface  there  are  usually  no  prominent 
bristles,  but  in  one  maie  four,  and  in  each  of  the  two  females 
two,  of  the  extensor  row  of  small  bristles  are  of  suflBcient  size 
to  catch  the  eye.  Middle  femora  :  On  the  extensor  surface  there 
is  only  the  usual  transverse  apical  group  ;  the  usual  row  of  the 
flexor  border  is  made  up  of  rather  scattered  and  délicate  bristles  ; 
the  usual  médian  row  of  the  anterior  surface  is  represented  by 
but  one  bristle,  situated  at  the  middle  of  the  segment.  Middle 
tibiie  :  The  usual  large  bristle  of  the  flexor  surface  is  not  far  from 
the  junction  of  the  middle  and  apical  thirds  ;  on  the  anterior 
surface  there  is  one  bristle  nearly  on  the  same  level  with  that 
of  the  flexor  surface  ;  on  the  posterior  surface  there  are  three, 
two  on  the  flexor  half  of  the  surface  (situated  at  the  junction 
of  the  basai  and  middle,  and  middle  and  apical  thirds,  respect- 
ively) ,  and  one  on  the  extensor  half  at  a  level  a  little  basad  the 
more  apical  of  the  other  two.  Hind  femora  :  Normal,  but  rather 
délicate.  Hind  tibise  :  Near  flexor  border  of  the  latéral  surface 
two  or  three  small,  slender  bristles,  and  near  the  extensor  border 
two  or  three  (in  one  maie,  four)  ;  on  the  mesal  surface  only  two, 
both  near  the  extensor  border  ;  on  the  extensor  border  the  usual 
preapical. 

Wing  is  shown  in  figure  2.  The  third  longitudinal  vein  bas 
spines  at  the  base  only. 

Brauer.  and  Bergenstamm  founded  the  genus  Paralucilia  on 
Calliphora  fnlvipes  Macq.,  and  give  as  the  only  character  for 
separating  it  from  Lucilia  that  the  third  longitudinal  vein  is 
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spinose  at  the  base  only.  The  species  was  belle ved  by  Lynch 
to  be  identical  with  Chrysomyia  macellaria  Fabr.,  and  with  this 
opinion  I  concur.  The  species  belongs  to  the  genus  Chryfomyia, 
and  the  name  Paralncilia  should  be  dropped.  The  extent  of 
the  spines  at  the  base  of  the  third  vein  varies  in  différent  spe- 
cies, and  may  be  as  much  as  half  way  to  the  small  cross-vein. 

Chrysomsria  purpurœ. 

Musea  purpura*  Walk.,  Dipt.  Saund.,  p.  337. 

I  recognize,  of  course,  tbat  it  is  rather  hazardous  to  identify 
a  species  as  one  of  Walker's,  but  if  one  can  interpret  his  words, 
"a  luteous  scapula  on  each  side  of  the  fore  breast/'  as  mean- 
ing  that  the  prostigma  is  yellow,  then  I  may  feel  qui  te  confi- 
dent of  the  détermination. 

One  maie  and  four  females  ;  Ghapada  ;  no  dates. 

Length,  5  to  8  mm.  Dorso-ventral  diameter  of  bucca  one- 
fifth  that  of  head. 

As  in  the  preceding  species,  the  eyes  of  the  maie  are  almost  in 
contact  over  the  middle  two-fourths  of  the  front,  and  the  trans- 
frontals  are  limited  to  that  part  of  the  front  ventrad  the  narrow 
portion. 

The  width  of  the  front  of  the  female  is  to  the  width  of  the 
head  as  1 :3.5.  The  bristles  of  the  head  in  both  sexes  are  as 
in  segmeniariay  but  rather  more  délicate,  except  that  on  the 
geno-vertical  plate  laterad  the  transfrontals  the  tiny  bristlets 
do  not  end  dorsad  at  the  more  ventral  of  the  orbitals,  but  con- 
tinue dorsad  to  the  vertex.  The  whole  vitta  and  the  whole 
geno-vertical  plate  are  thickly  yellowish-gray  pollinose. 

The  thorax  is  much  more  pollinose  than  in  aegvientnria,  even 
the  scutellum,  meso-pleura  and  sterno-pleura  appearing  white 
pollinose  if  viewed  by  very  oblique  light.  The  hairs  of  the 
meso-  and  sterno-pleurae  are  black  ;  in  segmentaria  they  are 
yellow.  The  bristles  of  the  thorax  are  shown  in  figure  3. 
Only  the  two  most  caudad  of  the  dorso-centrals  are  at  ail  promi- 
nent. There  is  no  latéral  posthumeral.  In  every  spécimen 
there  is  one  large  marginal  scutellar  and  one  fair-sized  discal 
scutellar.  Squamulse  pale  yellowish  brown  to  white.  The  legs 
Rve  AS  in  segmentaria,  The  wing  is  shown  in  figure  4.  The 
spines  of  the  third  longitudinal  extend  about  one-third  the  dis- 
tance to  small  cross-vein.     Bristles  of  legs  as  in  segmentaria. 
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Ohrysomyia  desyoidyi  noy.  sp. 

Four  maies  and  two  females  ;  Chapada  ;  no  date. 

Length,  8  to  9  mm.  Metallic  purple,  with  three  faint  stripes 
on  thorax  ;  buccae,  antennse  and  palpi  yellow  ;  legs  brown  ; 
wings  hyaline,  with  blackish  base  ;  first  segment  of  abdomen 
and  caudal  borders  of  second  and  third  blackish  ;  sterno-pleural 
bristles,  2  : 1  ;  humerais,  four  ;  dorso-ventral  diameter  of  bucca 
one-fourth  that  of  head. 

The  eyes  of  the  maie  are  almost  in  contact  for  about  the 
middle  two-fourths  of  the  front,  0.5  mm.  At  this  narrow 
part  there  is  a  linear  vitta  and  the  geno-vertical  plates  are  re- 
duced  almost  to  nothing.  Ventrad  this  portion  the  geno-ver- 
tical plates  are  much  narrower  than  in  the  female,  yellowish 
poUinose,  and  bear  about  ten  transfrontal  bristles.  Dorsad 
the  narrow  part  there  are  no  transfrontals,  and  the  whole  front 
is  black.  The  great  ocellar  bristles  are  parallel,  proclinate,  and 
small.  The  lesser  ocellars,  including  the  postvertical  pair,  are 
mère  tiny  hairs.  The  inner  vertical  is  of  fair  size,  the  outer 
vertical  absent,  the  occipito-central  présent.  Cilia  of  posterior 
orbit  in  one  complète  row,  black,  not  large.  Occiput  covered 
with  yellow  hair,  as  far  as  I  can  see  it.  The  posterior  orbit  is 
yellow  poUinose  ;  it  narrows  dorsad  and  vanishes  about  0.5  mm. 
from  the  vertex. 

The  front  of  the  female  is  one-fourth  as  wide  as  the  head. 
The  vitta  is  black,  more  or  less  reddish  toward  the  autenna\ 
The  geno-vertical  plate  is  about  half  as  broad  as  the  vitta,  its 
ventral  half  or  two-thirds  yellow  poUinose,  the  pollen  becoming 
thinner  as  we  pass  dorsad  until  it  whoUy  disappears,  the  dorsal 
third  being  polished  black.  This  dorsal  third  is  thickly  beset 
with  very  minute  black  hairs  ;  passing  ventrad  thèse  hairs  be- 
come  more  scattered,  and  on  the  ventral  third  are  distinctly  in 
two  rows  and  of  a  yellow  color. 

The  transfrontals  are  about  ten,  not  large,  and  end  a  little 
ventrad  the  anterior  ocellus.  There  is  one  ascending  frontal  a 
trifie  caudad  the  posterior  ocelli.  Laterad  the  transfrontals 
there  are  two  small,  equal,  proclinate  orbitals.  The  greater 
ocellars  are  normal  ;  there  are  about  six  pairs  of  lesser  ocellars, 
and  the  exceedingly  small  postvertical  is  evidently  a  member 
of  the  lesser  ocellar  group.  The  inner  and  outer  verticals  are 
normal,  the  occipito-central  a  mère  hair,  the  ocdpito-lateral  not 
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présent.  The  ciliae  of  the  posterior  or  bit  and  the  hair  of  the 
occiput  are  as  in  the  maie.     Posterior  orbit  yellow  poUinose. 

In  both  sexes  the  ground  color  of  the  bucca  varies  from  a 
rather  pale  yellow  through  orange,  brownish  yellow  and  brown 
to  almost  black.  It  is  always  covered  with  yellow  pollen,  and 
quite  thickly  beset  with  whitish  or  yellow  hairs,  which  are 
much  longer  toward  the  occiput.  Its  cephalic  border  bas  a 
row  of  small  bristles. 

The  gêna  has  a  yellow  ground  color  and  is  thickly  yellow 
pollinose.     It  has  no  bristles. 

The  yibrissal  ridges  hâve  a  yellow  ground  color  and  thick 
yellow  pollen.  The  vibrissal  angles  are  somewhat  dorsad  the 
mouth  edge  and  distinctly  convergent.  There  are  no  large 
bristles  except  the  principal  vibrissa,  but  dorsad  this  the  ridge 
is  rather  thickly  beset  on  its  latéral  surface  with  exceedingly 
minute  bristles  or  hairs. 

The  antennse  are  yellow,  with  the  cephalic  border  and  latéral 
surface  brown.  The  third  joint  is  1  mm.  long,  and  the  sec- 
ond 0.3  mm.  The  arista  is  thickly  plumose  to  its  very  tip  ;  its 
rachis  is  yellow  on  its  thickened  basai  half,  the  rest  appear- 
ing  black. 

The  palpi  are  yellow,  with  black  bristles.  The  haltères  are 
yellow. 

The  thorax  présents  varying  shades  of  metallic  blue,  green, 
and  purple.  The  dorsum  has  three  broad  but  very  faint,  almost 
black,  stripes,  one  in  the  médian  Une  and  one  on  each  side  just 
laterad  the  Une  of  the  dorso-central  bristles.  The  extrême 
cephalic  end  of  the  thorax  is  white  pollinose,  even  the  humeri 
presenting  this  appearance  by  a  suflSciently  oblique  light. 
The  prostiga  is  light  brown  to  dark  brown  ;  not  at  ail  a  promi- 
nent object.  The  chœtotaxy  of  the  thorax  is  shown  in  figure  5. 
The  dorso-centrals  hâve  precisely  the  same  arrangement  and 
variations  as  in  C  segmentaria.  The  squamula  thoracalis  has 
its  caudal  half  black,  with  a  light  border,  and  its  cephalic 
half  white  ;  its  dorsal  surface  is  hairy,  some  of  the  hairs 
appearing  black  and  some  white.  The  squamula  alaris, 
with  the  wings  folded,  is  blackish  on  its  mesal  half  or  more 
and  white  on  the  remainder.  On  its  dorsal  surface,  at  the 
extrême  latéral  border,  is  a  tuft  of  black  hairs.  The  wing 
is  shown  in  figure  6.     It  is  mostly  hyaline^  but   the  base  is 
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blackish  about  to  the  distal  end  of  the  small  basai  cells. 
The  third  vein  is  spinose  about  half  way  to  the  small  cross-yein. 

The  abdomen  is  metallic  purple  in  ail  the  spécimens  before 
me,  but  this  is  in  ail  probability  subject  to  the  usual  variations 
of  the  Calliphorinœ.  The  first  segment  and  a  fascia  on  the 
caudal  borders  of  the  second  and  third  segments  are  much 
darker,  almost  black.  With  a  very  oblique  light  the  abdomen 
appears  almost  everywhere  whitish  pollinose.  There  are  no 
bristles  on  the  first  segment.  The  second  and  third  segments 
hâve  each  a  marginal  row  of  slender  appressed  bristles,  which 
are  larger  toward  the  sides  of  the  segments.  The  fourth  segment 
has  both  marginal  and  discal  bristles. 

The  legs  vary  in  color  from  brown  to  black.  Their  bristles 
are  as  in  C.  segmentaria. 

For  the  excellent  drawiugs  of  the  wings  which  accompany 
this  and  the  following  papers,  I  am  mdebted  to  my  friend,  Dr, 
Emma  H.  Wheeler. 

MUSOINJB  MUSOIFORMES. 

Morellia  bipuncta  Fabr. 

Seven  maies  and  two  females  ;  Ohapada  ;  no  dates. 

Agrées  with  Wiedemann's  description,  to  which  I  wish  to  add 
the  following  : 

The  color  of  the  face  varies  in  diflferent  individuals,  and,  ac- 
cording  to  the  incidence  of  light,  from  yellow  through  brown  to 
black.  The  bucca  and  vibrissal  ridge  are  whoUy  polished.  The 
gêna  is  polished,  except  for  a  small  white  pollinose  patch  near 
its  dorsal  third.  The  ventral  half  or  so  of  the  posterior  orbit  is 
white  pollinose  ;  in  the  female  the  dorsal  half  and  the  vertex  is 
metallic  green  ;  in  the  maie  the  posterior  orbit,  owing  to  the 
greater  occipital  extension  of  the  eye,  only  exists  along  the 
ventral  half  of  the  occipital  border  of  the  eye.  The  antenna» 
in  most  of  thèse  spécimens  are  brownish  yellow  rather  than 
brownish  red,  and  the  third  joint  is  more  or  less  pollinose  ; 
the  arista  is  only  sparsely  plumose  and  has  a  yellow  rachis  ; 
the  third  antennal  joint  is  hardly  more  than  twice  as  long  as 
the  second.  While  many  maie  Musciua^  hâve  au  area  of  en- 
larged  facets  on  the  cephalic  surface  of  the  eye,  this  species 
stands  out  prominently  as  having  an  area  with  facets  very  much 
larger  than  in  any  other  species  known  to  me,  some  of  them 
measuring  as  much  as  one-twentieth  of  a  millimeter. 
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Tbe  front  of  the  maie  is  linear  in  the  middle,  expanding  both 
dorsad  and  ventrad.  Ventrad  the  linear  part  the  geno-vertical 
plates  are  whitish  pollinose  and  bear  about  four  pairs  of  trans- 
frontal bristles.  Dorsad  the  linear  part  are  about  tfaree  pairs 
of  transfrontals.  AU  thèse  bristles  are  very  small.  The  great 
ocellar  bristles  are  hardly  distinguishable  by  size  from  the 
lesser,  and  the  whole  ocellar  group,  including  the  postvertical, 
are  very  small.  The  inner  vertical  is  of  good  size,  the  outer 
vertical  small,  the  occipito-central  présent.  The  cilia  of  the 
posterior  or  bit  are  very  small. 

The  front  of  the  female  is  about  one-third  as  wide  as  the  head, 
and  broadens  slightly  from  the  antennse  towards  the  vertex. 
The  geno-vertical  plate  is  polished  except  on  the  latéral  half 
or  less  of  the  ventral  third,  which  is  y ellow. pollinose.  There 
are  about  eight  transfrontals.  Laterad  the  ocelli  are  a  couple 
of  pairs  of  bristles  of  small  size,  which  point  laterad.  The  bris- 
tles of  the  ocellar  group  are  small,  but  the  great  ocellar  pair  is 
much  larger  than  in  the  maie.  The  inner  and  outer  verticals 
are  of  fair  size  and  about  equal  ;  the  occipito-central  is  présent. 
The  cilia  of  the  posterior  orbit  are  longer  than  in  the  female. 

The  thorax  looks  as  if  finely  punctate,  and  bears  remarakbly 
few  bristles,  as  is  shown  in  figure  1.  The  variations  are  :  (1) 
Usually  only  one  humerai,  but  sometimes  a  second,  much 
smaller  ;  (2)  the  presutural  is  sometimes  absent  ;  (3)  the  sec- 
ond dorso-central  is  only  sometimes  présent  ;  it  is  smaller  than 
the  other  ;  ;4)  the  smaller  of  the  two  sterno-pleurals  may  be  ab- 
sent. It  is,  of  course,  possible  that  the  variations  mentioned 
may  be  due  to  injuries  received  by  the  spécimens,  but  that  is 
not  my  opinion.  Not  a  single  spécimen  bas  an  anterior  sterno- 
pleural  bristle. 

The  only  noteworthy  bristles  of  the  legs  are  as  follows  : 
Middle  tibia,  posterior  surface  near  flexor  border,  one  at  junc- 
tion  of  basai  middle  and  a  second  at  that  of  middle  and  apical 
thirds  ;  hind  tibia,  latéral  surface  bas  three  small  flexors  and 
one  or  two  extensors,  mesal  surface  has  one  or  two  extensors. 

The  wing  is  shown  in  figure  2. 

I  hâve  very  little  doubt  that  Pyrellia  ^nspicax  Walk.,  Mexico, 
is  the  same  as  Morellia  bipuncta  Fabr.  Van  der  Wulp  thought 
that  Pyrellia  iris  Bigot  was  the  same  as  P.  auspicax  Walk.  I  am 
not  prepared  to  affirm  or  deny  this. 
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Morellia  ochrifacies  Rond. 
Pyrellia  ochrifaçies  Rond. 
Pyrellia  violacea  R.  D. 
Cyrtoneura  hrevîs  Schia. 
Pyreltia  facUU  Walk.  (  ?  ) 
Pyrellia  basait  s  Walk.,  Jamaica  (?) 

Some  of  the  spécimens  hâve  the  facebrown,  which,  as  Ron- 
dani  himself  points  out,  is  the  only  différence  between  his  och^ 
rif actes  and  violacea  R.  D.  That  the  names  are  synonymous  there 
can  consequently  be  no  doubt.  Desvoidy's  name  has  priority, 
but  the  name  ''violacea''  was  aiready  occupied  for  Fabricius's 
species,  which  belongs  to  this  genus,  and  therefore  Rondani's 
name  must  stand. 

Schiner's  description  applies  perfectly.  I  Kave  spécimens  of 
the  same  species  from  the  European  dealers,  Staudinger  and 
Bang-Haas,  labeled  Pyrellia  ochricornis  Vf ied,  Brauer  and  Ber- 
genstamm  include  Musca  ochricornis  Wied.  in  the  genus  Lncilia, 
and  as  they  had  access  to  the  type  their  opinion  must  be  accepted. 

The  ground  color  of  the  epîstoma,  vibrissal  ridge,  transverse 
impression  and  gêna  is  a  yellowish  red  of  varying  shade,  and 
ail  thèse  parts,  with  appropriate  incidence  of  light,  appear  more 
or  less  thickly  yellowish  pollinose.  The  cephalic  fourth,  third, 
half  or  even  more  of  the  bucca  has  the  same  ground  color  ;  the 
rest  of  it  is  black  or  brown,  and  the  whole,  with  appropriate  in- 
cidence of  light,  looks  thinly  white  pollinose. 

The  dorso-ventral  diameter  of  the  bucca  is  0.4  mm.  ;  of  the 
head,  2.1  mm.  The  bucca  .is  rather  thickly  beset  with  black 
hairs,  which  are  larger  towards  the  occiput,  and  at  the  edge  of 
the  mouth  opening  assume  the  form  of  rather  délicate  bristles. 
The  vibrissal  ridge  has  ventrad  the  principal  vibrissa  several 
smaller  vibrissœ,  and  dorsad  the  principal  vibrissa.  one  small 
vibrissa,  while  the  whole  latéral  surface  of  the  ridge  is  beset 
with  very  minute  bristles.     Gêna  naked. 

The  front  of  the  maie  is  narrow  on  the  middle  third,  but  even 
hère  the  geno-vertical  plates  show  distinctly  as  narrow  pollinose 
Unes,  and  the  séries  of  transfrontal  bristles  is  not  interrupted 
as  it  is  in  M,  hipuncta.  Dorsad  the  narrow  part  the  front 
widens  to  the  vertex,  ventrad  it  widens  to  the  antennal  inser- 
tion. The  geno-vertical  plate  is  pollinose  on  its  ventral  two- 
thirds  and  black  but  not  polished  on  its  dorsal  third.  The 
vertex  is  black  or  brown,  not  polished.     The  great  ocellar  bris- 
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tles  are  small  and  almost  parallel  ;  the  lesser  ocellâr,  inclucling 
the  postvertical,  very  tiny.  The  inner  verticals  are  large,  the 
outer  verticals  smaller  but  distinct,  and  the  ocçipito-central  of 
good  size.  The  cilia  of  the  posterior  orbit  are  shorter  than  in 
the  female,  and  I  can  see  but  one  row  of  bristles  on  the  occipital 
surface  parallel  to  them.  The  posterior  orbit  ie  white  poUinose 
and,  as  is  usual  in  the  maie,  its  dorsal  half  is  obliterated  by  the 
greater  development  of  the  eye. 

The  front  of  the  female  is  about  one-fourth  as  wide  as  the 
head  (0.7  mm.  and  2.7  mm.).  The  vitta  is  about  one-third 
tlie  width  of  the  front  and  is  6î  a  dark  brown  color  with  more 
or  less  of  a  reddish  tinge.  It  is  somewhat  narrower  towards 
the  antennsB  and  broader  towards  the  vertex.  The  ventral  two- 
thirds  of  the  geno- vertical  plate  is  yellow  poUinose,  the  dorsal 
third  polished  black  or  brown,  and  only  with  a  particularly 
favorable  incidence  of  light  looks  even  thinly  poUinose.  There 
are  about  eight  transf routai  bristles  and  laterad  thèse,  at  the 
usual  level,  two  or  three  small  proclinate  orbitals.  On  the  dor- 
sal third*  of  the  geno-vertical  plate  are  also  a  number  of  minute 
hairs.  The  vertex  is  polished  black  or  brown.  The  great  ocel- 
lar  bristles  are  of  fair  size  ;  the  lesser  ocellars,  including  the 
postverticals,  number  from  four  to  six  pairs.  The  inner  and 
otiter  verticals  are  normal,  thé  occipito-central  long,  and  the 
occipito-lateral  is  not  présent.  The  cilia  of  the  posterior  orbit' 
are*  black'  and  form  a  complète,  well-aligned  row.  Parallel  to 
the  latter,  on  the  occipital  surface,  I  can  see  at  least  the  begin- 
nings  of  two  morë  rows  of  small  bristles.  The  posterior  orbit 
is  yellowish-white  poUinose. 

The  àntennseand  the  base  of  the  àristal  rachis  are  yellow, 
varying  in  différent  individuals  toward  orange  yellow  or  brown- 
ish  yellow.  The  tip  of  the  rachis  and  the  hairs  of  the  arista 
look  black.  The  third  joint  of  the  antennae  is  about  twice  as 
long  as  thé  second,  and  the  arista  is  longer  than  the  second  and 
third  joints  together.     The  palpi  are  yellow. 

The  thorax  is  nietallic  blue,  green,  or  violet,  with  a  very 
broad,  distinct  médian  poUinose  band,  which  begins  at  the 
cephalic  border  and  does  not  reach  caudad  beyond  the  trans- 
verse âuWre.  A  similar  but  tnuch  fainter  poUinose  band  can 
be  seen  on  and  just  dorsad  each  humérus.  Looked  at  with  a 
very  strong  light  and  very  obliquely,  thèse  bands  seem  much 
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more  extensive,  and,  indeed,  uader  thèse  CQluiitions,  almost  aay 
point  on  the  dorsum  may  be  made  to  look  poUinoae.  The 
prostlgma  la  brown  to  black.  Th«  bristles  of  the  thorax  are 
represented  in  figure  3.  The  third  dorso-central  bristle  is  yery 
small  and  may  be  absent. 

The  legs  are  brown  to  black.  The  only  noteworthy  feature 
of  the  bristles  of  the  femora  is  at  the  apex  of  the  middle  one. 
Hère  we  find  in  the  female  that  the  usual  transverse  apical 
group  consista  of  abaut  four  nxembers,  of  which  the  oae  most 
caudad  is  much  the  stoutest  ;  thèse  bristles  in  the  maie  are  ail 
stouter  than  in  the  female,  and  we  find  in  addition  a  peculiar 
structure,  viz.,  a  sort  of  tubercLe,  situated  apicad  the  transverse 
group,  bearing  several  short,  stout,  curved  spines  closely  set 
and  parojecting  apicad.  Anterior  tibia  has  no  unusual  bristles. 
The  middle  tibia  of  the  maie,  as  is  so  common  in  this  genus, 
présents  something  of  interest  on  the  anterior  surface  close  to 
the  extensor  border  which  is  absent  in  the  female.  This  is  a 
row  of  small  bristles  extending  from  base  to  apex.  The  bristles 
of  the  basai  half  millimeter  or  so  are  stout  compared  with  their 
length — genuine  though  very  tiny  spines  ;  then  they  become 
longer  and  more  slender,  gradually  changing  their  character  al- 
most to  that  of  hairs.  This  is  almost  precisely  the  arrangement 
found  in  Morellia  violdcea  Fabr.,  the  différence  being  that  in  the 
présent  species  the  tiny  spines  of  the  basai  portion  of  the  séries 
are  arranged  in  at  least  two  rows,  while  in  violacea,  as  far  as  my 
material  shows,  they  form  but  one  row.  The  posterior  surface 
of  this  tibia  bears  in  both  sexes  the  foUowing  :  Two  bristles  in 
the  basai  third,  one  in  the  apical  third  very  near  the  flexor  bor- 
der, and  either  one  or  two  a  very  little  basad  the  latter  and 
farther  away  from  the  fiexor  border.  The  hind  tibia  differs  in 
the  two  sexes.  In  the  maie,  we  find  on  the  latéral  surface  near 
the  flexor  border  a  row  of  about  five  long  bristles,  beginning 
very  near  the  middle  of  the  tibia  and  extending  to  the  apex  ;  in 
the  female  there  is  a  similar  row,  but  its  members  are  smaller, 
and  there  are  usually  four  instead  of  five.  On  the  same  surface, 
near  the  extensor  border,  we  find  in  the  maie  a  complète  row 
from  base  to  apex  ;  the  basai  members  are  small,  those  toward 
the  apex  larger  ;  four  or  five  of  the  members  of  this  row  are 
much  larger  than  the  rest,  but  it  is  not  always  the  same  bristle 
which  has  attained  the  superior  size.  The  same  row  exists  in  the 
female,  but  it  is  much  less  conspicuous,  its   members  being 


HOUGH:    SOU'TH   AH1SRICAM    MUSCID^.  215 

smaller  and  more  délicate,  and  only  one  or  two  of  them  reacMng 
the  digttily  of  maerochsetsB.  On  the  mesal  surface  itear  the 
flexot  barder  there  is  a  sertes  of  long  hairs,  corresponding  to  the 
row  of  bris^les  on  the  latéral  surface  near  the  ilexor  bofder  ; 
this  row  ie  not  présent  in  the  female.  In  both  sexes,  near  the 
extensor  border  of  the  mesal  surface  is  a  row  of  from  Ihree  to- 
fire  long,  strong  bristles  wbich  are  rather  longer  in  tbe  maie. 
The  bristles  of  the  hind  tibia  of  M,  violacea  Fabr.  haye  a  Tery 
similar  arrangement,  but  are  less  numerous  and  more  délicate  ; 
moreover,  those  near  the  ilexor  borders  are  limited  to  tbe  apical 
third  instead  of  extending  over  the  apical  half  or  more,  and  the 
extensor  row  of  the  latéral  surface  of  the  maie  is  by  no  means 
80  well  marked  and  complète. 

The  abdomen  is  of  the  same  color  as  the  thorax.  It  h  as 
no  macrochsetse  except  on  the  fourth  segment  and  at  the  extrême 
latéral  borders  of  the  first  and  second.  The  color  of  the> 
squamulae  varies.  The  squamula  thoracalis  may  be  opaque , 
black,  dark  brown  with  a  yellowish  brown  border,  or  light  brown 
with  still  lighter  border  ;  the  squamula  alaris  may  hare  a  black 
border  and  a  center  which  is  hyaline  with  a  blackish  tinge,  cff  it 
may  hare  no  border  at  ail  and  be  almost  hyaline  with  more  or 
less  of  a  yellow-brown  tinge.  The  haltères  are  yellow  or  yel- 
lowish brown. 

The  wing  is  shown  in  figure  4.  The  third  vein  is  spinose  its 
entire  length,  the  spines  being  stouter  and  doser  together  basad 
the  small  cross-vein.  In  neither  maie  can  I  see  any  spines 
apicad  the  small  cross-vein,  which  may  be  due  to  their  having 
been  broken  off  or  being  much  appressed,  or  may  be  a  diflérencei 
between  the  sexes. 

Length,  6  to  7  mm. 

Morem»  violacea  Fabr. 

Mu9ca  violacea  Fabr.,  Wied. 

Cyrtoneura  violacea  Fabr.,  Brauer  and  Bergenstamm. 

Pyrellia  violacea  Fabr.,  van  der  Wulp. 

Pyrellia  mactdipennata  Macq. 

Cifrtoneura  maculipennata  Macq.,  Townsend's  Catalogne. 

Pyrellia  maculipennis  Macq. 

Pyrellia  specialis  Walk. 

Pyrellia  centralis  Lw. 

Four  maies  and  fouf  females  ;  Rio  de  Janeiro,  July  and* 
Augu9t  ;   Rio,  November,  no  date. 

In  an  article  on  *'Some  Muscinse  of  North  Americ»,"  Bio-^ 


216  KÂNSÂS   UNXVERSITY  QUARTERLY. 

logical  Bulletin,  vol.  1,  No.  1,  I  included  PyreUia  auspicar 
Walk.,  P.  basalis  Walk.  and  P.  iris  Bigot  among  the  synonyms 
of  violacea  Fabr.  By  the  time  the  reprints  reached  me  I  was  in 
doubt  as  to  thèse  thiee  species,  and  so  indicated  in  the  copies 
sent  out  to  my  correspondents.  Further  study  has  convinced 
me  that  in  ail  probability  suspicax  Walk.  is  Morellia  bipuneta 
Fabr.,  basalis  Walk.  is  ochrifacies  Rond.,  and  that  iris  Bigot  is 
doubtful. 

The  wing  of  this  species  is  shown  in  figure  6,  and  the  tho- 
racical  chaetotaxy  in  figure  5. 

Morellia  nigricosta,  nov.  sp. 

Two  maies  and  three  females  ;  Chapada  ;  November  and 
January. 

Dark  metallic  blue,  green,  or  purple,  with  scarce  a  trace  of 
pollinose  coating  even  by  the  most  oblique  light.  Abdomen 
without  macrochsetge.  Legs  brown  to  biack.  Bucca  whoUy 
black  and  shining.  Antennœ,  palpi  and  haltères  yellow. 
Wing  with  a  dark  brown  mark  along  the  costa,  the  transverse 
veins  clouded  with  brown,  and  thèse  clouds  joined  by  an  ob- 
lique brown  band  ;  third  vein  with  only  three  to  five  spines,  ail 
at  the  extrême  base.  Length,  6  to  8  mm.  Dorso- ventral 
diameter  of  head,  1.7  mm.  ;  of  bucca,  0.4  mm. 

The  head  of  the  maie  is  almost  precisely  like  that  of  M,  ochri- 
facies Rond.,  the  only  diflferences  being-  (1)  Third  antennal 
joint  longer,  being  nearly  three  times  the  second  ;  (2)  arista 
less  denaely  plumose;  (3)  bucca  wholly  black  and  shining, 
not  appearing  at  ail  pollinose,  whatever  the  incidence  of  light; 
(4)  the  gêna  is  considerably  narrower  ;  (5)  the  great  ocellar 
bristles  are  divergent  ;  (6)  the  outer  verticals  are  not  difTeren- 
tiated  ;  (7)  the  ciliae  of  the  posterior  orbit  are  less  well  devel- 
oped,  and  on  the  occiput,  parallel  with  them,  I  can  see  no  rows 
of  bristles.  The  head  of  the  female  has  a  width  of  2.7  mm., 
and  the  front,  at  the  narrowest  part,  which  is  at  the  junction 
of  the  ventral  and  middle  thirds,  measures  0.6  mm.  From 
this  narrowest  point  the  front  widens  a  very  little  toward  the 
antennse  and  considerably  toward  the  vertex  The  bucca  is  like 
that  of  the  maie.  The  ventral  third  of  the  geno-vertical  plate, 
the  gêna,  the  vibrissal  ridge  and  the  ventral  half  of  the  pos- 
terior orbit  are  silvery  white  pollinose.  The  dorsal  two-thirds 
of  the  geno-vertical  plate,  the  vertical,  the  occiput,  as  far  as  I 
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can  aee  it,  and  the  dorsal  half  of  the  posterior  orbit  are  pol- 
ished  metallic  green.  The  bristles  of  the  head  show  only  the 
following  slight  différences  from  those  of  the  female  of  M. 
ochrifacies  Rond.:  (1)  The  orbitals  are  3till  smaller;  (2)  the 
occipito-central  is  smaller  ;  (3)  on  the  occiput,  parallel  to  the 
ciliœ  of  the  posterior  orbit,  there  is  but  one  row  of  bristles. 
The  antennse  are  yellow,  inclining  more  or  less  to  brown,  espe- 
cially  on  the  third  joint. 

The  thorax  and  abdomen  are  dark  metallic  green,  blue,  or 
purple,  with  scarce  a  trace  of  poUinose  coating  whatever  the  in- 
cidence of  light.  The  abdomen  has  no  macrochœtse  even  at  the 
latéral  borders  of  the  segments.  The  bristles  of  the  thorax  are 
represented  in  figure  7.  They  are  mostly  small.  The  third 
dorso-central  may  be  absent.  The  discal  scutellars  number  from 
one  to  three  ;  occasionally  one  of  them  is  nearly  as  large  as  the 
apical  and  then  the  others  are  suppressed  ;  occasionally  again 
one  of  them  is  nearly  or  qui  te  marginal.  It  is  notable  that  at 
the  céphalo-ventral  angle  of  the  meso-pleura  there  are  no' large 
bristles,  but  merely  a  clump  of  hairs.  The  legs  vary  in  color 
from  brown  to  black.  The  tibiœ  are  often  lighter  in  color  than 
the  femora.  The  bristles  of  the  femora  are  quite  long  and 
strong,  but  show  no  peculiar  arrangement.  The  anterior  tibia 
has  no  bristles  in  either  sex,  save  the  usual  preapical  of  the  ex- 
tensor  border.  The  middle  tibia  is  alike  in  both  sexes  ;  its  an- 
terior surface  has  no  large  bristles  and  no  peculiar  arrangement 
of  minute  spines  ;  its  posterior  surface  has  near  the  flexor  bor-  * 
der  one  large  bristle  at  the  middle  and  one  at  the  junction  of 
the  basai  and  second  fourths  ;  it  also  has  near  the  extensor  bor- 
der on  its  apical  third  from  one  to  three  smaller  bristles.  Hind 
tibia  of  maie  has  on  its  latéral  surface  near  the  flexor  border  a 
row  of  six  or  seven  short,  almost  equidistant  bristles,  which  be- 
gins  at  about  the  junction  of  the  basai  and  middle  thirds  and 
extends  to  the  apex  ;  on  the  latéral  surface  near  the  extensor 
border  is  a  complète  row  from  base  to  apex  of  niostly  small,  un- 
equal  sized  but  almost  equidistant  bristles  ;  on  the  mesal  surface 
near  the  extensor  border  is  a  not  at  ail  prominent  beard  of  short, 
soft  hairs  which  extends  the  whole  length  of  the  tibia,  but  is 
much  longer  on  the  middle  two-foui^ths  of  its  extent  than  else- 
where  ;  on  the  mesal  surface  near  the  extensor  border  there  is 
one  bristlé  at  the  junction  of  the  basai  and  second  fifths.     The 
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biAd  tibift  ot  the  femaJe  haB  on  th«  latéral  surface  near  the  Aexor 
hg^ràBT  a  row  of  four  or  five  bristlee,  whicb  occupy  tbe  middle 
third  or  middle  two-fourths  of  Ihe  tibia  and  are  smaliar  tbaa 
tbose  of  the  maie  ;  on  the  same  surface  near  the  exiienaor  border 
there  are  four  or  five  unequal  and  not  equidietant  briatiae  ;  ou 
the  meaal  surface  near  the  flexor  border  there  are  no  briatlea  or 
hairs,  and  on  the  same  surface  near  the  extensor  border  there  is 
one  bristle,  just  as  in  the  maie. 

The  wing  is  represented  in  figure  8.  On  both  surfaces,  at  the 
extrême  base  of  the  third  vein,  are  from  three  to  five  small 
spines. 

The  squamulœ  are  white,  nearly  hyaline,  but  the  squamula 
thoracalis  bas  more  or  less  of  a  brown  tinge,  and  a  part  at  least 
of  its  dorsal  surface  is  vèry  finely  but  densely  pubescent. 

Psrrellia  sarcophagina  v.  d.  Wulp. 

Morellia  sarcophagina  v.  d.Wulp,  Biologia  CeDtrali-Americaaa,  Mexico. 

One  maie  ;  Corumba  ;  May. 

It  is  évident  to  one  who  studies  Mr.  van  der  Wulp 's  writings 
on  the  Muscinse  that  for  him  the  chief  distinction  between 
Morellia  and  Pyrellia  is  the  roetallic  color  of  the  latter  genus  and 
the  non-metallic  color  of  the  former.  Thus,  lie  includes  violacea 
Fabr.  and  acapulata  Bigot  in  Pyrellia,  but  assigns  the  présent 
species  to  Morellia.  This  is  a  grave  error.  Structural,  not 
colorational,  différences  must  be  used  for  generic  séparation. 
The  characters  which  separate  Pyrellia  from  Morellia  are  only 
two  :  First,  and  much  the  most  important,  Pyrellia  has  a  large 
bristle  on  the  flexor  surface  of  the  middle  tibia  which  is  never 
présent  in  Morellia;  second,  Pyrellia  has  (in  ail  the  species 
known  to  me)  the  sterno-pleural  bristles  arranged  1:3,  while  in 
Morellia  thèse  are  1:2  (in  JW.  bipuncta  Fabr.  0:2).  From  the 
structural  standpoint  this  species  must  be  assigned  to  Pyrellia. 

The  bristles  of  the  throax  are  represented  in  figure  9.  Owing 
to  the  position  in  which  the  legs  bave  dried  it  is  impossible  to 
get  a  perfect  viëw  of  the  bristles  which  protect  the  prostigma  ; 
there  may  be  others  than  those  indicated  in  the  diagram.  The 
bristles  of  the  legs  are  not  particularly  described  by  Mr.  van  der 
Wulp.  The  femora  are  as  usual  in  this  genus,  as  is  also  the  ante- 
rior  tibia.  The  middle  tibia  has  on  the  an terior  surface  no  bristles  ; 
on  the  flexor  surface,  one  large  one  at  junction  of  apical  and 
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middla  thirds  ;  on  the  posterior  surface  four,  about  equidistant, 
and  muck  smaller  than  tiie  one  on  the  Aexor  surfaoe.  The  hind 
tibia  bas  on  the  latéral  surface  «ear  the  flexor  border  four  rather 
slender  bristtos  ;  on  same  sarf ace  near  the  extensor  border  there 
is  a  complète  row  from  base  to  apex  of  unequal  but  almost 
equidistant  bristles,  most  of  which  are  small,  but  about  four 
are  of  good  size  ;  on  the  mesal  surface  near  the  flexor  border 
there  are  no  bristles  ;  near  the  exténsor  border  there  two,  one 
at  the  middle  and  the  other  at  the  junction  of  the  middle  and 
apical  thirds. 

Oraphamyia  maenlata  Scop. 

Two  maies  and  two  females  ;  Desteno,  December  ;  Chapada  ; 
Piedra  B.,  April  ;  Corumba,  May. 

The  spécimens  are  precisely  like  those  found  in  the  United 
States.  I  consider  G.  americana  R.  D.,  G.  americana  Schin. 
and  very  likely  also  Musca  stipata  Walk.  as  synonyms. 

Mnsca  domestica  L. 

One  maie  ;  Rio  de  Janeiro  ;  July. 

MU60INJE  ABICIiBF0&ME8. 

MUSCINA. 

The  séparation  into  gênera  of  the  group  Muscinœ  ariciœfarmes  is 
by  no  means  satisfactory  even  to-day.  Myospila,  Muscina,  Clin- 
opéra,  Aricia,  Spilogaater  and  Limnophora  are  ail  of  doubtf ul  extent 
and  perhaps  insusceptible  of  précise  définition .  Before  this  prob- 
lem  can  be  satisfactorily  solved  a  much  wider  knowledge  must  be 
obtained  than  is  at  présent  in  our  possession.  Of  the  four  spe- 
cies  in  the  collection  before  me  which  I  think  best  to  refer  to 
Muscina,  one  has  sparsely  hairy  eyes  and  sterno-pleurals  2  : 2,  so 
that  it  migfat  as  well  be  refer red  to  Myospila  as  to  Muscina,  but 
the  hairiness  of  the  eyes  is  so  sparse  and  slight  as  to  be  very 
easily  overlooked,  in  fact,  has  been  overlooked,  I  think,  by  pre- 
vious  writers,  and  therefore  I  retain  it  in  Muscina  ;  another 
species  agrées  in  almost  every  particular  with  Clinopera;  and  for 
a  third  a  new  genus  might  be  erected,  on  account  of  the  form 
of  the  wing. 
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Miueina  bnmnea,  dov.  sp. 

One  maie;  Corumba;  May.     Leqgth,  7  mm. 

Ground  color  of  bucca,  ventral  part  of  occiput,  posterior  orbit, 
transverse  impression  of  face^  gêna,  vibrissal  ridge,  facial  fpssa, 
epistoma  and  antennse  pale  brownish  yellow;  ail  thl)^  parts 
with  more  or  less  of  a  whitish  or  grajish  pollinose  coating,  which 
is  thickest  on  the  very  narrow  genœ.  The  ,bucca  is  beset  (not 
very  densely)  with  black  hairs,  which,  as  usual^  are  longer 
toward  the  occiput.  The  principal  vibrissae  are  a  little  dorsad 
the  free  border  of  the  clypeus.  Ventrad  the  principal  are  sev- 
eral  secondary  vibrissœ.  Dorsad  the  principal  vibrissâe  the 
vibrissal  ridge  is  beset  on  its  latéral  surface  with  many  exceed- 
ingly  small,  bristly  hairs.  The  transverse  impression  and  the 
gêna  are  naked.  The  front  is  very  narrow  from  a  point  just 
ventrad  the  ocelli  to  about  its  ventral  third  and  then  widens 
rapidly  to  the  antennse,  forming  a  frontal  triangle  whose  cen- 
ter;  the  vitta,  is  dark  brown  and  whose  sides,  the  geno-Vertical 
plates,  are  grayish  pollinose. 

The  geno-vertical  plates  are  very  narrow  but  bear  an  unin- 
terrupted  séries  of  transfrontal  bristles,  which  are,  however, 
very  small,  especially  at  the  narrowest  part  of  the  front,  where 
they  can  only  be  seen  with  some  difficulty.  The  .black,  vertical 
triangle  is  only  large  enough  for  the  ocelli.  Ail  the  bristles  of 
the  vertex  are  unusually  small.  The  largest  are  the  great  ocel- 
lars.  There  are  about  four  pairs  of  tiny  lesser  ocellars.  I 
can  make  out,  ail  about  equal  in  size,  the  inner,  oUter  and 
postverticals.  The  occipito-central  and  occipito-lateral  bristles 
are  absent.  The  cilia  of  the  posterior  orbit  are  short,  but 
form  a  complète  row  ;  parai lel  to  them,  on  the  occiput,  I  can  see 
no  rows  of  bristles.  The  dorsal  part  of  the  occiput  is  black 
but  white  pollinose.  The  second  anteunal  joint  measures  0.2 
mm.  ;  the  third  joint,  0.7  mm.  The  arista  is  densely  plumose, 
its  rachis  yellow.  The  dorso-ventral  diameter  of  the  head  is 
2.7  mm.  ;  of  the  bucca,  0.3  mm.  The  palpi  are  pale  brownish 
yellow. 

The  ground  color  of  the  thorax  and  scutellum  is  dark  chestnut 
brown,  with  pale  brownish-yellow  humeri  and  prostigma.  This 
ground  color  is  obscured  by  a  coating  of  grayish  pollen,  which, 
however,  leaves  certain  stripes  and  spots  of  the  groupd  color 
distinctly  visible.     Thèse  stripes  and  spots  are  best  seen  if  one 
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hoIdB  the  insect  with  its  head  towards  him  and  looks  vertically 
down  upon  the  dorsum.  Then  one  eau  easily  see  :  (1)  A  faint 
médian  stripe  which  ends  a  little  cephalad  the  scutellum  ;  (2) 
on  each  side,  somewhat  mesad  the  Une  of  the  dorso-centrals,  a 
stripe  which  is  narrow  and  well  defined  cephalad  the  suture, 
but  caudad  the  suture  becomes  broader  and  less  well  defined 
and  fades  out  before  reaching  the  scutellum  ;  (3)  on  each  side, 
cephalad  the  suture,  laterad  the  dorso.centrals,  mesad  and 
caudad  the  posthumeral  bristle,  a  triangular  spot  ;  (4)  on  each 
side,  caudad  the  suture,  laterad  the  dorso-centrals,  and  mesad 
the  Une  of  the  intra-alar  bristles^  a  çhort  stripe,  which  reaches 
neither  the  suture  nor  the  scutellum  ;  (5)  on  each  side  a  few 
other  small,  irregular  spots  not  symmetricaUy  situated.  The 
chœtotaxy  of  the  thorax  is  represented  in  figure  10.  The  hal- 
tères are  pale  brownish  yeUow.  The  squamul»  are  almost 
hyaline,  with  a  slight  brown  tinge  ;  their  borders  are  narrowly 
dark  brown  and  their  marginal  pubescence  pale. 

The  abdomen  has  the  same  brown  ground  color  as  the  thorax 
and  the  same  grayish  polHnose  coating.  The  ground  color 
shows  through  the  pollen  around  the  bases  of  the  small  hairs  in 
such  a  way  as  to  produce  the  appearance  of  a  gray  poUinose 
abdomen  densely  punctuate  with  brown.  The  first  segment  of 
the  abdomen  has  a  marginal  row  of  small,  appressed  bristly 
hairs  which  are  rather  larger  toward  the  sides  of  the  segment. 
The  second  segment  has  a  similar  row  of  larger,  less  appressed 
bristles.  The  third  segment  has  a  similar  row  of  still  larger, 
not  at  ail  appressed  bristles,  and  in  addition,  toward  each  side 
of  the  segment,  on  the  dise,  a  row  of  three  or  four  nearly  erect, 
délicate  bristles.  The  fourth  segment  has  both  a  marginal  and 
a  discal  row  of  erect,  délicate  bristles. 

The  legs  and  the  pulvilli  are  wholly  brownish  yellow.  The 
bristles  of  the  anterior  femora  are  as  usual  in  this  genus.  The 
anterior  tibia  has  the  usual  preapical  of  the  extensor  border,  and 
at  the  same  level,  on  the  mesal  surface,  very  near  the  former, 
another  preapical  bristle.  The  middle  femora  hâve  no  notice- 
able  bristles  except  the  transverse  apical  group,  which  consists  of 
only  two  members,  both  distinctly  on  the  posterior  surface  of 
the  limb.  The  middle  tibia  has  no  bristles  on  either  the  an- 
terior or  flexor  surface  ;  on  its  posterior  surface  there  are  two, 
one  at  the  middle  and  the  other  at  the  junction  of  the  third  and 
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apical  fourths.  The  hind  fémur  bas  its  brifitlee  arrangea  as 
usual,  but  they  are  shorter,  naore  délicate  and  more  numerous 
tfaan  U8ual,  so  as  alraosl  %o  gire  the  impreBskm  that  the  foraur 
bas  a  soft,  short  beard  on  both  the  extensor  and  flexor  borders. 
The  hind  tibia  bas  on  its  latéral  surface,  near  the  fiexor  border, 
three  short,  délicate  bristles,  ail  in  the  middle  third  ;  on  the 
same  surface,  near  the  extensor  border,  there  are  two  stouter 
bristles,  one  at  the  junction  of  the  basai  and  middle,  the  other 
at  the  junction  of  the  middle  and  apical  thirds  ;  on  the  mesal 
surface,  near  the  flexor  border,  there  are  no  bristles,  and  near 
the  extensor  border  only  pne,  and  that  small,  not  far  from  the 
middle  ;  the  usual  large  preapical  of  the  extensor  border  is  prés- 
ent. 

The  wing  is  very  faintly  brownish  yellow,  the  color  being 
most  pronounced  toward  the  costa.  The  small  cross-vein  is 
yery  distinctly,  the  hind  cross-vein  almost  imperceptibly, 
clouded  with  brown.  The  third  vein  is  spinose  about  half  way 
to  the  small  cross-vein. 

Muscina  pallidicorBis  Bigot. 

Two  maies  and  four  females  ;  Rio  de  Janeiro,  July  ;  and 
Ghapada,  no  date. 

Bigot  had  the  female  only.  The  spécimens  agrée  with  Bigot's 
very  insufficient  description,  except  as  to  color  of  palpi  and 
width  of  front.  He  says  in  his  Latin  description  ''palpi  fusci," 
and  in  his  French  '* palpes  noires."  In  ail  my  spécimens  the 
palpi  are  neither  brown  nor  black,  but  of  an  orange-yellow  color. 
They  are,  however,  so  thickly  beset  with  black  bristles  that 
unless  examined  with  care  and  in  a  good  light  it  is  easy  to 
mistake  their  color  for  brown  or  black.  Again,  Bigot  says  the 
front  is  wide.  The  measurements  are  :  Width  of  head,  2.6  mm., 
of  front,  0.7  mm.,  which  I  should  not  call  wide.  This  is,  how- 
ever, merely  a  matter  of  personal  expérience.  If  the  species 
should  turn  out  to  be  a  new  one,  I  would  suggest  for  it  the 
name  Muscina  aviericana. 

The  eyes  are  minutely  and  sparsely  hairy.  The  dorso- ventral 
diameter  of  the  head  is  2  mm.  ;  of  the  bucca,  0.2  mm.  The 
ground  color  of  the  bucca,  facial  fossa,  gêna,  geno-vertical 
plate,  vitta,  occiput  and  posterior  orbit  is  black.  AU  thèse 
parts,  except   the  vitta,  are   poUinose  ;  the  occiput,  posterior 
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orbit,  bucca  thinly  so,  and  facial  fossa,  slaty  gray  ;  the  geaa 
and  geno- vertical  plate,  silvery.  The  small  lunula  is  ailTery 
white.  The  vibrissal  ridge  seems  to  hare  a  dark  yellow  ground 
color,  but  is  so  thickly  gray  poUinose  that  I  can  hardly  feel 
certain.  The  principal  vibriasa  is  on  a  leyel,  very  slightly 
dorsad  the  free  border  of  the  clypeus.  Ventrad  the  principal 
are  several  secondary  yibrisBse,  and  dorsad  are  a  very  few  small 
hairs.  The  gêna  is  naked.  The  bucca  is  thickly  beset  with 
black,  bristly  hairs,  which  are,  as  usual,  larger  toward  the  oc- 
ciput, and  form,  along  the  edge  of  the  mouth  opening,  a  row 
of  tolerably  large  bristles  At  the  cephalic  end  of  the  bucca, 
along  the  ventral  border  of  the  transverse  impression,  is  a  row 
of  about  six  tiny  bristles,  which,  instead  of  having  the  usual 
direction  of  the  buccal  hairs,  point  caudad  and  more  or  less 
dorsad.  A  similar  row,  but  of  larger  bristles,  is  found  in  cer- 
tain species  of  Hydrotiea  and  Pogonomyia. 

The  front  of  the  maie  is  narrow,  but  not  linear,  and,  more- 
over,  its  width  is  variable  in  différent  spécimens,  being  twice 
as  wide  in  one  of  my  maies  as  in  the  other.  The  frontal  bristles 
form  a  complète  séries.  Tbey  are  largest  at  the  ventral  end  of 
the  front,  and  diminish  in  size  as  we  pass  dorsad,  those  nearest 
the  ocelli  being  very  small  indeed.  AU  are  curved  cephalad 
and  dorsad,  the  convexity  of  the  curve  being  cephalad.  Of  the 
bristles  at  the  vertex,  the  great  ocellars  are  the  largest.  They 
are  almost  parallel,  and  curve  dorsad  and  cephalad  ;  convexity 
of  the  curve  dorsad.  The  other  bristles  at  the  vertex  are  mère 
hairs,  but  one  can  recognize  from  their  position  the  inner  and 
ou  ter  verticals,  the  postverticals,  the  occipito-cen  trais,  and  the 
usual  tiny  lesser  ocellars.  The  cilia  of  the  posterior  or  bit,  ex- 
cept  the  first  three  or  four,  are  short,  but  form  a  well-marked 
row.  On  the  occiput,  parallel  to  the  cilia  of  the  posterior  orbit, 
are  other  irregular  rows. 

The  front  of  the  female  measures  0.7  mm.  in  width  ;  the 
head  is  2.6  mm.  wide.  The  sides  of  the  front  are  perfectly 
parallel  throughout.  The  vitta  is  about  four  times  as  wide  as 
one  geno-vertical  plate,  and  either  black  or  brown.  The  geno- 
vertical  plate  is  silvery  pollinose.  The  transfrontals  number 
about  eight,  and  are  of  very  unequal  size.  About  at  the  level 
of  the  anterior  ocellus  are  two  ascending  frontals,  the  more 
dorsal  much  the  larger.     There  are  no  orbital  bristles,  but  lat- 
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erad  the  transfrontals  on  the  geno-vertical  plate  are  a  good  many 
exceedingly  tiny,""8cattered  h  airs.  The  great  ocellar  bristles 
are  large,  and  normal  in  direction.  There  are  about  four  small 
pairs  of  lesser  ocellars.  The  postverticals  are  large  (  about  half 
as  large  as  the  inner  verticals  )  and  are  not  clearly  members  of 
the  ocellar  group  ;  they  are  distinctly  divergent.  The  inner 
and  outer  verticals  are  large.  The  occipito-centrals  and  occipito- 
laterals  are  both  présent.  The  cilia  of  the  posterior  orbit  and 
the  bristles  on  the  occiput  are  as  in  the  maie.  The  eye  of  the 
female  is  less  distinctly  hairy  than  that  of  the  maie. 

The  ground  color  of  the  thorax  is  shining  black,  but  it  has 
several  gray  pollinose  stripes  and  patches,  and  the  meso-pleura, 
sterno-pleura  and  scutellum  are  quite  uniformly  but  thinly 
gray  pollinose.  The  distinctness  of  the  stripes  and  patches 
varies  in  différent  individuals,  and  also  according  to  the  inci* 
dence  of  the  light.  They  are  as  follows  :  (1)  A  broad  médian 
stripe.  (2)  A  broad  stripe  on  each  side  in  the  line  of  the  dorso- 
centrais  ;  both  this  and  the  former  are  most  distinct  cephalad 
the  suture,  and  near  the  scutellum  become  broader  and  fainter 
and  fuse  with  one  another.  (3)  One  on  each  side  caudad  the 
suture  in  the  line  of  the  intra-alars.  There  are  also  rather  thick 
patches  covering  the  humeri,  and  thin  patches  extending  from 
the  humeri  to  the  roots  of  the  wings. 

The  haltères  are  yellow  or  yellowish  brown. 

The  squam'ula?  are  almost  hyaline,  in  some  spécimens  with 
a  faint  yellowish-brown  tinge  and  a  distinctly  yellow  brown 
border. 

The  chœtotaxy  of  the  thorax  is  shown  in  figure  12.  The 
second  intra-alar  is  absent  in  both  maies  and  in  one  female, 
perhaps  broken  off,  but  I  can  see  no  scar.  The  supra-alars  are 
unusual  ;  the  cephalic  one  is  small,  often  so  small  as  to  be 
little  or  liot  at  ail  distinguishable  from  the  microchaetsp  ;  the 
caudal  one  varies  in  size,  but  is  always  distinct.  The  most 
dorsal  humerai  varies  in  size,  always  much  smaller  than  the 
others  ;  it  is  sometimes  a  mère  hair. 

The  abdomen  has  a  shining  black  ground  color  with  a  uni* 
for  m  coating  of  brown  pollen,  which  is  much  thicker  in  the 
maie  than  in  the  female,  and  in  the  female  is  thickesli  on  the 
fourth  segment.  On  each  segment  of  the  maie  there  are  margi- 
nal microchœtie,  which  are   largely  toward  the  sides  of   the 


HOUGH:    SOUTH   AMERICAN   MUSGIOiE.  225 

segment  ;  ail  are  appressed  save  those  of  the  fourth  and  those 
toward  the  sides  of  the  third.  Toward  the  sides  of  the  third 
segment  there  are  three  or  four  small  discal  microchœtœ,  and 
on  the  fourth  segment  in  a  complète  row  of  discals.  The  female 
has  about  the  same  arrangement,  but  on  the  first  two  segments 
the  bristles  are  mère  hairs  ;  on  the  third  only  one  or  two  of  the 
marginals.  Those  at  the  extrême  sides  of  the  segment  are  not 
appressed,  and  there  are  but  one  or  two  discals  situated  at  the 
extrême  latéral  borders  of  the  segment. 

The  legs  vary  in  color  from  brown  to  black.  The  bristles  of 
the  fore  leg  are  as  usual  in  this  genus.  The  middle  fémur  pré- 
sents the  usual  partial  row  along  the  center  of  the  anterior  sur- 
face from  base  to  middle,  ending  with  one  prominent  bristle  ; 
the  preapical  transverse  group  has  three  members,  ail  on  the 
posterior  surface.  The  middle  tibia  has  no  bristles  except  two 
on  the  posterior  surface  ;  both  are  in  the  middle  third,  one  near 
its  base,  the  other  near  its  apex.  The  bristles  of  the  hind  fémur 
are  as  usual.  The  hind  tibia  has  on  the  latéral  surface  near  the 
flexor  border  one  bristle  near  the  middle  (and  in  one  maie  a 
second,  much  more  délicate,  a  little  basad  the  other) ,  and  near 
the  extensor  border  a  row,  beginning  a  little  basad  the  middle  of 
the  tibia  and  running  toward  but  not  to  the  apex  ;  this  row  varies 
in  number  from  three  to  five  ;  possibly  when  less  than  five  are 
présent  some  hâve  been  broken  ofT,  but  I  can  see  no  scars. 

The  palpi  are  orange  yellow,  thickly  beset  with  short,  cparse 
black  bristles. 

The  antennse  are  brownish  yellow,  with  a  thin  pollinose  coat- 
ing  ;  sometimes  the  color  is  paler,  and  sometimes,  especially 
on  the  second  joint  and  toward  the  apex  of  the  third,  darker. 
The  third  joint  is  almost  or  quite  three  times  as  long  as  the 
second.  The  arista  is  thickly  plumose  with  long  hairs,  and  its 
rachis  is  yellow  at  its  base. 

The  wing  is  almost  hyaline.  In  most  spécimens  there  is  a 
very  faint  brownish -yellow  color  most  pronounced  along  the 
second  vein  and  near  the  costa.  One  or  two  spécimens  hâve 
the  cross-veins  faintly  clouded  with  the  same  color.  The  third 
vein  has  from  two  to  four  spines  at  its  base  on  both  surfaces  of 
the  wing.     The  wing  is  shown  in  figure  13. 

Length  of  body,  6  to  7  mm. 
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Mmseina  Tarlcolor,  nov.  sp. 

One  maie,  Ohapada,  no  dale  ;  one  female,  Rio  de  Janeiro^ 
July.     Length,  6  to  7  mm. 

The  ground  color  of  the  whole  head,  antennœ  and  paipi  is 
parle  brownish  yellow  in  both  sexes,  except  tkat  the  frontal  yitta 
of  the  female  is  black,  and  except,  perhaps,  the  occiput  and 
geno-yertical  plate,  which  are  so  thicklj  poUinose  that  I  cannot 
make  ont  the  ground  color.  The  ground  color  of  the  whole 
head  is  somewhat  obscured  hj  a  poUinose  coating,  which  is 
silvery  white  on  the  facial  fossa  and  geno-yertical  plates  and 
inclines  to  bluish  gray  on  the  occiput  and  posterior  orbit,  espe- 
cially  in  the  female. 

The  principal  vibrissa  is  somewhat  dorsad  the  f ree  border  of 
the  clypeus.  On  the  yibrissal  ridge  dorsad  the  principal  vi- 
brissa there  are  a  few  tiny  bristly  hairs,  not  reaching  more  than 
half  way  up  the  ridge.  Ventrad  the  principal  are  two  or  three 
secondary  vibrissse. 

The  bucca  and  ventral  portion  of  the  occiput  are  quite  uni- 
formly,  but  not  thickly,  beset  with  black,  bristly  hairs,  which 
do  not  in  either  sex  form  a  distinct  row  of  larger  bristles  along 
the  latéral  border  of  the  mouth.opening.  As  usual,  the  buccal 
hairs  are  longer  toward  the  occiput. 

The  cilia  of  the  posterior  orbit  form  a  complète  and  well- 
aligned  row  in  both  sexes.  They  are  rather  longer  in  the  fe- 
male. The  remainder  of  the  occiput  is  remarkably  free  from 
bristles.  I  can  only  see  one  row  which  begins  dorsad,  a  short 
distance  ventrad  the  beginning  of  the  cilia  of  the  posterior  orbit, 
and  runs  almost  directly  ventrad,  as  far  as  I  can  see. 

The  dorso- ventral  diameter  of  the  head  of  the  maie  is  2.1 
mm.  ;  of  the  bucca,  0.3  mm.  In  the  female  thèse  figures  are 
1.7  mm.,  0.2  mra.  The  front  of  the  maie  is  very  narrow  on 
about  its  middle  two-fourths,  the  eyes  being  separated  only  by 
the  silvery  Une  of  the  fused  geno- vertical  plates,  and  on  this 
narrow  portion  there  are  no  transfrontal  bristles.  Ventrad  the 
narrow  portion  is  the  usual  frontal  triangle,  which  has  a  rich 
brownish-red  center  (vitta)  and  silvery  sides  (geno- vertical 
plates) .  Upon  its  sides  are  five  pairs  of  transfrontal  bristles, 
one  of  which  is  very  much  larger  than  the  others.  AU  curve 
cephalad  and  dorsad,  with  the  convexity  of  the  curve  cephalad. 
Dorsad  the  narrow  part  is  a  narrow  vertical  triangle,  on  whose 
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^deB  veatrad  the  ocelli  are  two  more  pairs  of  transfr^Dtal  bristles. 
Tbe  brisUes  of  the  vertex  are  as  foUows  :  The  great  ocellars, 
sbmU  aad  parallel,  as  is  usual  in  this  genus  ;  one  large  leeser 
oceUar  pair»  as  large  as  any  of  the  bristles  of  the  vertex  (a  very 
uauattal  feature)  ;  oue  hardly  visible  lesser  ooellar  pair;  the 
poetverticals  are  not  présent  ;  the  inner  and  outer  verticale  and 
the  oceipito-central  bristles  are  présent  and  are  small,  as  is  usual 
in  tbis  genus. 

The  head  of  the  female  is  2.2  mm.  wide.  The  width  of  the 
front  is  0.6  mm.  The  sides  of  the  front  are  almost  exactly 
parallel  throughout.  The  frontal  vitta  is  betwêen  four  and  six 
times  as  wide  as  one  geno- vertical  plate.  There  are  about  five 
transfrontal  bristles,  two  ascending  frontals,  and  a  good-sized 
pair  of  preocellars.  There  is  nothing  unusual  about  the  bristles 
of  the  vertex  ;  ail  are  présent,  and  of  normal  size  and  direction. 
There  are  no  orbital  bristles. 

The  length  of  the  second  joint  of  the  antennse  is  0.25  mm.  ;  of 
the  third  joint,  0.55  mm.  The  arista  is  thickly  and  long  plu- 
mose,  and  thë  base  of  its  rachis  is  yellow. 

Tbe  chsetotaxy  of  the  thorax  is  shown  in  figure  14.  The 
ground  color  of  the  thorax  of  the  maie  is  a  pale  yellowish 
brown,  and  it  bas  everywhere  a  thin,  yellowish  pollinose  coat- 
ing.  If  looked  at  vertically  there  are  faint  suggestions  of 
stripes  in  the  dorso-central  and  acrostical  lines.  This  yellow- 
brown  ground  color  appears  in  the  female  only  on  the  humeri 
and  prothorax,  on  the  base  and  tip  of  the  scutellum,  along  the 
sutures  bounding  the  meso-pleura  and  sterno-pleura,  on  the 
ptero-pleura,  on  the  postalar  callosity,  and  on  the  mesonotum, 
near  the  scutellum.  The  most  of  the  thorax  of  the  female  has 
a  black  ground  color  and  is  covered  with  brownish  or  gray 
pollen,  which  forms  three  broad  but  rather  indistinct  stripes — 
a  médian  and  two  latéral.  I  hâve  observed  that,  when  a  species 
has  two  ground  colors,  as  in  tbis  female,  their  relative  extent 
is  very  variable  in  dififerent  spécimens. 

The  abdomen  of  the  maie. — First  segment  :  Pale  brownish 
yellow  with  a  dark  brown  transverse  fascia  on  each  cephalo- 
lateral  angle;  a  marginal  row  of  small  appressed  macrochaetse, 
which  are  larger  towards  the  sides  of  the  segment.  Second 
segment  :  Moet  ol  the  cephalic  half  and  also  a  narrow  médian 
stafipe  are  pale  brownish  yellow  ;  the  caudal  half  and  two  pro- 
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longations  [from  the  sarae  enclosing  the  narrow  médian  stripe 
are  dark  brown  ;  the  yellow  part,  including  the  narrow  médian 
stripe,  looks  poUinose  by  very  oblique  light,  but  the  dark  brown 
part  shows  no  pollinosity  whatever  the  incidence  of  Hght;  a 
row  of  marginal  bristles  larger  than  those  of  the  first  segment, 
the  most  latéral  of  which  are  not  appressed  ;  also  a  few  small 
discals  toward  and  on  the  sides  of  the  segment.  Third  seg- 
ment :  At  first  glance  seems  wholly  dark  brown,  but  careful 
examination  reveals  a  patt^rn  just  like  that  of  the  second  seg- 
ment, the  part  which  was  yellow  on  segment  2  approximat- 
ing  very  closely  the  color  of  the  dark  brown  part  ;  the  part 
corresponding  to  the  yellow  part  of  segment  2  looks  poUinose 
with  a  favorable  incidence  of  light  ;  a  row  of  marginal  bristles, 
larger  and  less  appressed  than  those  of  segment  2,  and  two 
or  three  discals  toward  and  on  the  sides.  Fourth  segment: 
Wholly  dark  brown,  with  a  certain  amount  of  poUinose  coating, 
through  which,  at  the  bases  of  the  bristles,  the  ground  color 
shows,  producing  a  speckled  appearance  ;  a  complète  row  of 
marginal  and  another  of  discal  bristles. 

The  female  abdomen  is  colored  throughout  like  the  fourth 
segment  of  the  maie.  Its  bristles  are  like  those  of  the  maie,  ex- 
cept  that  there  are  no  discals  on  segment  2,  only  one  on  seg- 
ment 3,  and  the  row  on  segment  4  is  broadly  interrupted  in  the 
middle. 

The  legs  of  the  maie  are  brownish  yellow  ;  the  hind  fémur  is 
darker  toward  the  apex  ;  the  tibise  are  darker  than  the  femora  ; 
the  hind  tibise  almost  brown  ;  the  tarsi  are  black  ;  the  pulvilli. 
are  pale  brownish  yellow.  In  the  female  the  femora  are  blackish 
brown,  thé  tibia^  a  little  paler,  the  tarsi  black;  I  cannot  make 
out  the  color  of  the  pulvilli. 

This  bristles  of  the  legs. — The  anterior  fémur  is  as  usual  in 
this  genus.  The  anterior  tibia  has  the  usual  preapical  of  the 
extensor  border;  on  the  same  level,  just  laterad  this,  on  the 
latéral  surface,  a  second  bristle,  and  close  to  the  apex  of  the 
latéral  surface  a  third.  Middle  fémur  has  the  usual  anterior 
médian  partial  row,  which  is  hère  made  up  of  equal  equidistant 
bristles  ;  the  transverse  apical  group  consists  of  one  bristle  on 
the  anterior  surface  and  three  on  the  posterior  surface.  The 
middle  tibia  has  no  bristles  exoept  on  the  posterior  surface, 
where  we  find,  in  the  female,  two — one  at  the  junction  of  the 
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basai  and  middle,  tbe  other  at  that  of  the  middle  and  apical 
thirds  ;  the  maie  bas  thèse  two,  and  in  addition  ja  third, 
sm aller,  bristle,  which  lies  between  the  other  two,  nearer  tbe 
apical  one.  The  hind  fémur  is  as  usual  in  tbis  genus.  The 
hind  tibia  bas  three  bristles  ;  two  are  on  the  latéral  surface,  one 
near  the  flexor,  the  other  near  the  extensor  border,  and  tbe 
third  is  on  the  mesal  surface  near  the  extensor  border  ;  ail  three 
are  near  the  middle  of  the  tibia. 

The  wing  of  the  female  is  shown  in  figure  15.  The  brown 
spots  on  the  wing  are  smaller  and  less  deeply  colored  in  the  maie 
spécimen.  The  first  and  third  veins  are  spinose  tlieir  entire 
length  on  both  surfaces  of  the  wing.  The  spines  are  more 
easily  seen  in  the  female. 

The  squamulse  bave  a  faint  brownish-yellow  tinge,  but  are 
almost  hyaline.     The  haltères  are  brownish  yellow. 

Mnscina  latipeimis,  nov.  sp. 

One  female;  Chapada;   January.     Length,  7  mm.    . 

The  ground  color  of  the  facial  fossa,  vibrissal  ridge,  gêna, 
transverse  impression  of  the  face,  bucca,  occiput  and  posterior 
orbit  is  a  pale  brownish  yellow.  Ail  thèse  parts  are  poUinose — 
the  occiput,  bucca  and  posterior  orbit  grayish,  the  others 
whitish  or  silvery. 

Tbe  bucca  is  extremely  narrow,  hardly  reaching  a  level  0.1 
mm.  ventrad  the  ventral  border  of  the  eye.  The  bucca  bears 
a  row  of  stout  bristles  parallel  to  and  a  short  distance  from  the 
latéral  border  of  the  mouth  opening  and  also  a  few  hairs. 

The  occiput  is  so  closely  applied  to  the  thorax  that  I  can  see 
no  bristles  thereon  except  the  cilia  of  the  posterior  orbit,  which 
are  normal. 

The  principal  vibrissa  is  distinctly  dorsad  the  free  border  of 
the  clypeus.  Ventrad  the  principal  are  two  secondary  vibrissse. 
Dorsad  the  principal  vibrissa  on  the  vibrissal  ridge  there  is  first 
a  small  clump  of  minute  bristly  hairs,  and  from  tbis  a  row  of 
still  more  minute  hairs  (hardly  visible  with  twenty  diameters) 
extends  dorsad  three-fourths  of  the  distance  to  the  base  of  the 
antennse. 

The  divergence  of  the  mesal  border  of  the  eyes  from  the  base 
of  the  antennœ  ventrad  is  very  slight,  so  that  the  sides  of  the 
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face  seem  almost  parallel,  which  is  a  decided  novelty  in  this 
genus.     The  genae  are  naked. 

The  front,  at  its  narrowest  point,  which  is  the  ventral  end,  is 
about  one-fourth  as  wide  as  the  head.  From  this  point  to  the 
vertex  it  widens  slightly. 

The  geno-vertical  plate  is  thickly  white  poUinose.  It  bears 
about  eight  transfrontal  bristles,  of  which  only  three  are  long 
ones  ;  the  others  are  very  small.  Laterad  the  transfrontals  are 
only  a  few  minute  hairs,  no  orbitals.  There  are  two  ascending 
frontals.  The  bristles  of  the  vertex  are  ail  présent  and  of  nor- 
.  mal  size  and  dirction.  The  vitta  is  black,  brownish  at  its  ven- 
tral end,  and  bears  no  preocellar  bristles. 

The  palpi  are  pale  brownish  color. 

The  antennse  are  pale  brownish  yellow.  The  third  joint 
measures  0.8  mm.,  the  second  0.2  mm.  The  arista  is  very  long, 
short  plumose,  its  rachis  yellowish  at  base. 

Most  of  the  dorsum  of  the  throax  h  as  a  dark  brown  ground 
color  with  a  gray  poUinose  coating,  which  leaves  the  ground 
color  showing  clearly  in  certain  places,  viz.  :  (1)  On  each 
side,  a  trifle  mesad  the  Une  of  the  dorso-centrals,  a  narrow 
stripe,  which  is  distinct  cephalad  the  suture,  but  caudad  the 
suture  becomes  broader  and  less  well  defined,  and  fades  out 
entirely  before  reaching  the  scutellum  ;  (2)  on  each  side, 
cephalad  the  suture,  an  irregularly  triangular  patch  between 
the  presutural,  posthumeral  and  dorso-central  bristles  ;  (3)  on 
each  side,  caudad  the  suture,  a  patch  between  the  dorso-centrals 
and  intra-alars.  Now  while  mostof  the  dorsum  is  as  above  de- 
scribed,  we  find  that  each  of  the  four  corners  of  the  dorsum — 
i.  e.y  each  humérus  and  an  adjacent  area,  and  each  postalar 
callus  and  an  adjacent  area — is  broadly  pale  brownish  yellow, 
and  there  is  a  rather  broad  stripe  of  the  same  color  just  dorsad 
the  notopleural  suture  and  root  of  the  wing.  Moreover,  ail  the 
visible  part  of  the  ceplialic  surface  of  the  throax,  the  prostigma 
and  most  of  the  meso-  and  sterno-pleura?  hâve  the  same  color. 
As  I  stated  under  Muscina  varicolor,  the  extent  of  thèse  yellow 
areas  probably  varies  in  différent  individuals.  The  chœtotaxy 
of  the  thorax  is  shown  in  figure  16. 

The  abdomen  lias  a  dark  brown  ground  color  with  a  white 
poUinose  coating,  which,  with  a  favorable  incidence  of  light, 
looks  quite  thick.    There  are  no  discal  bristles  except  on  seg- 
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ment  4^  which  has  one  toward  the  side  and  one  on  tbe  ex- 
trême latéral  border.  The  marginal  rows  are  mère  appressed 
hairs  on  segments  1  and  2  and  but  little  larger  on  segment  3  ; 
even  on  segment  4  they  are  not  at  ail  large. 

The  legs  are  dark  brown,  except  the  coxae  and  apices  of  the 
femora,  which  are  pale  brownish  yellow.  •  The  bristles  of  the 
anterior  femora  are  as  usual  in  this  genus.  The  anterior  tibia 
has  a  preapical  group  of  three,  viz.,  the  usual  one  on  the  ex- 
tensor  border  and  two  at  the  same  level  on  the  latéral  surface, 
one  of  which  is  very  near  the  extensor,  the  other  very  near 
the  flexor  border.  The  middle  fémur  bears  the  usual  anterior 
médian  partial  row,  ail  of  which  are  small  ;  the  transverse  api- 
cal  group  consist»  of  three  on  the  posterior  and  one  on  the  an- 
terior surface.  The  middle  tibia  has  on  its  posterior  surface, 
near  the  extensor  border,  a  complète  row  of  about  equidistant 
bristles  extending  from  base  to  apex,  which  are  mostly  of  insig- 
nificant  size,  but  two  in  the  middle  third  and  two  or  three  near 
the  apex  are  as  large  as  the  usual  bristles  of  this  surface  in  this 
genus.  On  the  anterior  surface  of  the  middle  tibia  close  to  the 
apex  is  a  bristle  which,  if  normal,  will  at  once  distinguish  this 
species  from  any  other  Muscid  that  I  hâve  seen  ;  it  is  half  as 
long  as  the  tibia  and  projects  cephalad,  with  a  slight  curve  dor- 
sad.  It  seems  to  me  more  probable  that  this  is  not  a  normal 
structure,  but  has  been  accidentally  (or  purposely)  stuck  on  hère, 
for  the  f oUowing  reasons  :  (  1  )  It  is  présent  only  on  one  of  the  mid- 
dle tibi8B,  the  other  showing  not  even  a  scar  at  this  point  ;  (2) 
the  anterior  sterno-pleural  bristle  of  the  side  where  the  strange 
tibial  bristle  is  présent  has  been  broken  ofF;  (3)  the  remarka- 
ble  tibial  bristle  is  just  about  the  same  size  as  the  anterior  sterno- 
pleural  bristle.  The  bristles  of  the  hind  fémur  are  as  usual  in 
this  genus.  The  hind  tibia  has  no  bristles  on  its  mesal  surface  ; 
on  its  latéral  surface  near  the  flexor  border  there  are  two 
bristles  about  at  the  middle,  and  on  the  same  surface  near  the 
extensor  border  there  is  one  at  the  same  level. 

The  squamulae  are  white,  almost  hyaline. 

The  haltères  are  brownish  yellow. 

The  wing  is  represented  in  figure  17.  It  is  very  broad  for  a 
Muscina,  somewhat  suggesting  in  shape  that  of  a  Phasia,  The 
species  does  not,  however,  belong  to  Phasiophana,  The  cross- 
veins  are  distinctly  clouded  with  brown.      There  is  a  dark 
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brown  area  along  the  costa  which  begins  at  the  apex  of  the 
stigma  and  reaches  to  the  end  of  the  second  vein  ;  this  area 
extends  backward  as  far  as  half  way  between  the  second  and 
third  veins.  There  is  also  a  large  but  very  faint  brownish 
clouding  of  the  apex  which  extends  from  the  middle  of  the  sub- 
marginal cell  across  the  fîrst  posterior  and  half  of  the  second 
posterior  cells.  This  is  very  narrowly  separated  from  the  dark 
brown  costal  stripe  and  from  the  cloud  on  the  hind  cross-vein. 
The  only  spines  on  the  veins  of  the  wing  are  two  or  three  ex- 
ceedingly  minute  ones  at  the  extrême  base  of  the  third  longi- 
tudinal. 

Brown.  Antennae,  palpi,  humeri,  post-alar  callosities  and  va- 
rions patches  on  the  sides  of  the  thorax  pale,  brownish  yellow. 
Bucca  linear.  Sides  of  front  and  of  face  almost  parallel.  Only 
three  dorso-central  bristles  caudad  the  suture.  A  peculiar  row 
of  bristles  on  the  posterior  surface  of  the  middle  tibia.  Third 
longitudinal  vein  with  only  two  or  three  spines,  and  thèse  at 
the  extrême  base. 


PLATE  XXXVI. 

A  sketch  of  the  lumbar  région  of  one  of  the  operated  cats,  showing  the  most 
important  veins  and  changes  instituted  by  ligation  of  the  post  cava  at  L  The 
overlying  parts  are  removed,  and  the  post  cava  turned  to  one  side  to  expose 
part  of  its  dorsal  side. 

a — Azygos. 

6— Thirteenth  rib. 

c — First  lumbar  vertebra. 

d— Pièces  of  the  diaphragm. 

e — Adreno-lumbalis,  with  its  branches. 

/— Left  rénal  vein. 

flr— Vena  spermatica. 

A— Seventh  lumbar  vertebra. 

i  — Iliac  oommunis. 

j  —Post  cava,  above  ligature. 

k — Right  adrenal. 

l  —Point  of  ligation. 

m— Anastomizing  vessels  in  the  ligated  area. 

/*'— Right  rénal  vein. 

o — The  four  lumbar  veins. 

p—l\io  lumbalis. 


Kan.  Univ.  Quar.,  Vol.  IX. 
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PLATE  XXXVII. 

Fig.  1. — A  pinnule  of  O.  splendensj  sp.  n.    Natural  size. 
Fig.  2. — A  pinnule  of  O.  simplex,  sp.  n.    Twice  natural  size. 
Fig.  3. —  O.  lineatay  sp.  n.    Natural  size. 
Fig.  4.—  O,  f  lobata^  sp.  n.    Natural  size. 
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PLATE  XXXVIII. 

Fig.  1.—  O,  splendens,  sp.  n.     Basai  part  of  the  frond. 
Fig.  2.—  0.  aimplex,  sp.  d.    A  large  terminal  pinnule. 
Fig.  3. —  O,  simplext  sp.  n. 
Fig.  4.—  O,  lineata,  sp.  n.    Base  of  the  frond. 
Fig.  5. —  G.  lineata,  sp.  n.    Part  of  the  frond  from  above  the  base. 
AH  natural  size. 
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PLATE  XXXIX. 

Fige.  1,  2,  and  3. —  Q,  aimplex,  sp.  n.    Ail  natural  size. 
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PLATE  XL. 

O,  splendens,  n.  sp.    Reduoed  to  about  three-sevenths  natural  size. 
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G.  Hterlingi,  sp.  n.    A  little  less  than  natural  size. 
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PLATE  XL.II. 

Fig.  1.—  O.  sterling  if  Bp.  n. 
Fig.  2,— G.  f  lobata,  sp.  n. 

Both  slightly  reduced. 


PLATE  XL.II. 

Fïg,  L—  O,  sterlingif  sp.  n. 
Fig.  2.—  O.  î  lobata,  gp.  n. 

Both  slightly  reduced. 


Kan.  Univ.  Quar.,  Vol.  IX. 


PLATE  XLII. 


t'*%'''\\. 


\5^v 


\  1 1 


1     *■ 

\ 


Kan.  Univ.  Quab.,  Vol.  IX. 


PLATE  XLIV. 
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Lantern  or  Stereopticon  SI  ides. 

Duplicates  of  the  ezteDsive  collection  of  original  Lantern  Slides,  made  ez- 
pressly  for  the  University  of  Kansas,  oan  be  obtained  f rom  the  photographer. 

The  low  price  of  331  cents  per  slide  will  be  charged  on  orders  of  twelve  or 
more  plain  slides.  Colored  subjects  can  be  supplied  for  twice  the  price  of  plain 
subjects,  or  66i  cents  each. 

Send  for  liât  of  subjects  in  any  or  ail  of  the  following  departments: 

PHTSICAIi  GEOLOGY  AND  PÂLEONTOLOQ Y.— Erosion,  Glaciers  and  Ice,  Volcaooes 
and  Eraptions,  Colorado  Mountain  Soenery,  Arizona  Soenery,  Restoration  of  Extinot  Ani- 
mais, Bare  Fossil  Romains,  Kansas  Physical  Characters,  Chalk  Région  and  Irrigation,  Bad 
Liands  of  South  Dakota,  Fossil  Région  of  Wyoming,  Mioroscopic  Sections  of  Kansas  Building 
Stones,  Evolution. 

MI  NERALOG Y.— Mioroscopic  Sections  of  Crystalline  Rocks,  and  of  Clays,  Lead  Mining  of 
Oalena,  Kan.,  Sait  Manufacture  in  Kansas. 

BOTANY  AND  BACTERIOLOGY.-Morphology,Histologyand  Physiologyof  Plants,  Para- 
sitie  Fungi  from  Nature,  Disease  Germs,  Formation  of  Soil  (Geological  ),  Distinguished  Bota- 
nists. 

ENTOMOLOGY  AND  GENERAL  ZOOLOG Y.— Inseots,  Corals,  and  Lower  In^ertebrates, 
Biids  and  Mammals. 

ANATOMY.— The  Brain,  Embryology,  and  Functions  of  Sensés. 

CHSMISTR Y.— Portraits  of  Chemists,  Tozicology,  Kansas  Oil  Wells,  Kansas  Meteors,  Tea, 
Coffée  and  Chocolaté  Production. 

PHARMAC Y.— Médical  Plants  in  Colors,  Characteristics  of  Drugs  and  Adultérations,  Anti- 
tozin,  Norway  Cod  and  Whale  Fishing. 

CIVIL  ENGINEERING.— Locomotives  and  Railroads. 

PHYSICS  AND  ELECTRICAL  ENGINEERING.- ElectricalApparatus,  X-Rays. 

ASTRONOM Y.— Sun,  Moon,  Planets,  Comets,  and  Stars  (many  subjects  in  colors). 

SOCIOLOGY.— Kansas  State  Penitentiary,  Indian  Education  and  Early  Condition. 

AMERICAN  HISTORY.— Political  Caricatures,  Spanish  Conquests. 

GREEK.— Ancient  and  Modem  Architecture,  Sculpture,  Art  and  Texte. 

GERMAN.— German  National  Costumes  (in  colors),  Nibelungen  Paintings,  Life  of  William 
Tell,  Cologne  Cathedral. 

FINE  ARTS.— Classical  Sculpture  and  Paintings,  Music  and  Art  of  Bible  Lands,  of  Chaldea, 
Assyria,  Egypt,  Palestine,  and  Armenia,  Religions  Customs  of  India,  Primitve  Art  and  Condi- 
tion of  Man,  Modem  Paintings  and  lUustrations. 

For  further  information,  address     DAVID  HORKMAN,  Lawrence,  Kan. 
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POSSESSES 

Alignment— perfect  and 
permanent.  Impression  — 
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Coal  Measures  Faunal  Studies.    1. 


BY  J.    W.    BEEDE   AND   AUSTIN    F.    ROGERS. 


It  is  proposed  by  the  authors,  in  a  séries  of  papers  with  tbe 
above  title»  to  give  lists  of  the  faunas  of  the  différent  horizons  of 
the  Coal  Measures  of  Kansas  and  certain  parts  of  western  Mis- 
souri. The  several  papers  will  be  written  by  the  authors  separately 
and  each  alone  is  responsible  for  the  information  contained  therein. 
In  the  final  paper,  the  joint  production  of  the  two  authors,  some 
generalizations  as  to  the  distribution  of  species  in  the  Coal  Meas- 
ures  will  be  attempted. 

Several  things  hâve  led  to  the  production  of  this  séries.  The 
faunal  relations  of  the  Upper  and  Lower  Coal  Measures  is  chief 
among  tbenu  At  présent  there  seems  to  be  no  sharp  faunal  break 
between  them  aod  no  unconformity  of  strata,  making  a  very  careful 
study  of  the  fossils  of  the  entire  range  necessary.  It  will  also  serve 
as  a  check  list,  and,  it  is  hoped,  bring  out  fossils  as  yet  unknown 
to  the  région  which  may  throw  additional  light  on  the  subject  In 
the  third  place  it  will  assist  greatly  in  determining  the  relationships 
between  the  faunas  of  the  Permian  and  the  Coal  Measures.  Care- 
ful collecting  sach  as  is  necessary  in  a  work  of  this  kind  brings  to 
light  fossils  which  would  otherwise  escape  notice.  This  is  partic- 
ularly  tnxe  of  the  range  of  the  more  inconspicuous  species. 

The  lists  are,  of  course,  somewhat  incomplète,  yet  it  is  believed 
that  they  represent  the  typical  faunas  of  the  several  horizons  at  the 
localitîes  mentioned. 

The  fossils  herein  listed  are  those  collected  by  the  authors  or 
studied  by  them  in  the  collections  made  by  careful  collectors,  in 
which  the  spécimens  were  carefuUy  and  accurately  labelled. 

The  next  number  of  the  séries  will  be  on  the  fauna  of  the 
Shawnee,  Wabaunsee,  and  Cottonwood  formations,  the  remaining 
formations  of  the  Coal  Measures  beneath  the  Permian,  by  Mr. 
Beede. 

(239)  KAV.  UNIV.  QUAIL,  TOU  IX,  NO.  4,  OGT.  1900,  8KRIK8  A, 
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1.    The  Pottawatomie  and  Douglas  Formations  along  the 

Kansas  River. 


BY    AUSTIN    F.    ROGERS. 


The  Pottawatomie  and  Douglas  Formations  are  names  applied 
to  the  lower  part  of  the  Upper  Coal  Measures  by  Professor  E. 
Haworth.  *  This  paper  deals  with  the  fossil  faunas  of  thèse  for- 
mations as  exposed  along  the  Kansas  river.  The  horizons  range 
from  the  Bethany  J^alls  Limestone  at  Kansas  City,  Mo.,  to  and 
including  the  Upper  Oread  Limestone  at  Lecompton,  Douglas 
county,  Kansas. 

The  following  table*  shows  the  names  used  by  the  University 
.  geologists  and  the  corresponding  number  used  in  the  paper: 

Douglas  Formation —Oread  Limestones. .  17-19 

Lawrence  Shales. . .  16 

Pottawatomie  Formation — Garnett   Limestones  14-15 

Lane  Shales 13 

lola  Limestone 12 

Thayer  Shales 11 

Erie  Limestones...  i-io 

Broadhead,^  in  1872,  assigned  numbers  to  the  différent  horizons 
of  the  Coal  Measures  of  Missouri.  In  the  absence  of  detailed 
stratigraphie  work  it  is  impossible  to  correlate  thèse  completely 
with  those  of  eastern  Kansas.  Yet  where  there  is  no  doubt,  as  in 
the  lowermost  horizons  exposed  at  Kansas  City,  Mo.,  Broadhead's 
numbers  are  given,  followed  by  Br. 

Bennett,^  in  1896,  studying  the  Coal  Measure  rocks  of  eastern 
Kansas,  made  sections  at  Kansas  City,  Mo. ,  Argentine,  Kansas,  and 
other  localities  along  the  Kansas  river.  As  far  as  they  go  thèse 
sections  are  used  for  the  description  of  the  horizons,  the  words  of 
Bennett  being  used.  The  numbers  used  by  Bennett  in  his  Argen- 
tine section  are  given,  followed  by  Be. 

Alternating  shales  and  unimportant  limestones  intervening  be- 
tween  the  prominent  limestone  Systems  arc  grouped  together  under 
one  number.  Thèse  numbers  were  simply  for  convenience  of 
référence,  as  in  the  absence  of  detailed  work  over  large  areas  the 
relative  importance  of  the  horizons  is  unknown. 

1  Haworth.    Univ^.  Geol.  Surv.  Kaiis.,  v^ol.  111,  p.  W. 

2  Haworth.    loc.  cit. 

3  Broadhead.    Geol.  Surv^.  Missouri.     Prel.  Rep.  on  Iron  Ores  and  C021I  FleUI.  pp.  t»  et. 
seq.,  1872. 

4  Bennett.    Unir.  Ueol.  Surr.  Kans.,  vo],  U  189G. 
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The  bryozoans  are  more  prominent  than  is  usual  in  lists  of  Coal 
Measure  fossils,  for  the  author  lias  made  a  spécial  study  of  them. 
They  are  certainly  too  much  neglected.  Descriptions  of  the 
br3'ozoans,  which  are  hère  followed  by  the  author's  name,  will  be 
found  in  this  journal  ^ 

Fossils,  to  which  Beede  or  Beede  and  Rogers  hâve  given  names, 
are  described  and  fîgured  in  Vol.  VI,  of  the  Reports  of  the  Univer- 
sity  Geological  Survey  of  Kansas,  now  in  press. 

The  author  is  aware  that  fossils,  other  than  those  mentioned  in 
thèse  lists,  hâve  been  given  for  some  of  the  horizons,  but  it  is 
thought  best  in  a  work  of  this  kind  to  give  only  those  observed  by 
him.  With  a  few  exceptions  the  fossils  hâve  been  identified  by 
the  author,  and  most  of  them  hâve  been  collected  by  him  from  the 
rocks  in  situ.  The  material  in  the  Kansas  University  Muséum, 
where  there  has  been  no  doubt  as  to  its  stratigraphie  position,  has 
been  used. 

In  the  synonymy  Weller,  in  his  ''Bibliographie  Index  of  North 
American  Carboniferous  Invertebrate,"  Bulletin  No.  153,  U.  S. 
Geol.  Surv.,  has,  for  the  most  part,  been  followed.  See  Beede, 
Univ.  Geol.  Surv.  of  Kansas,  Vol.  VI  (now  in  press),  for  departures 
from  the  synonymy  given  by  Weller. 

1.  Bethany  Falls  Limestone.  78  Br.  38  Be.  *«i8  to  20  feet 
heavy-bedded  limestone."     Kansas  City,  Mo. 

FusuUna  secalica  Say. 

Aulopora  prosseri  Beede. 

Axophyllum  rude  White  and  St.  John. 

Lophophyll^m  profundum  Milne-Edwards  and  Haime. 

Archaeocidaris  sp. 

Fistulipora  noduîifera  Meek. 

Pinnatopora  trilineata  Meek. 

Pinnatopora  sp. 

Polypora  sp. 

Rhombopora  sp. 

Stenopora  carbonaria  Worthen. 

Ambocoelia  planvconvexa  Shumard.       1 

Choneies  verneniîanus  Norwood  and  Pratten. 

Hustedia  tnormoni  Marcon. 

Productus  longispinus  So'Vferhy,  (c)* 

Productus  pertenuis  Meek. 

Productus  semireiicuîaius  Martin,  (c) 

1  This  Journal,  roi.  Ix,  A,  pp.  1-12.    pis.  1-lx  (Jan.  1900). 

8  (c)  Indlcates  tbatthe  fossll  is  common;  (a)  tbatltlsabundant.    When  noletterls 
giren,  the  fossll  Is  only  falrly  common  or  rare. 
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Reticularia  perpUxa  McChesney. 
Spirifer  cameratus  Morton. 
Spiriferina  keniuckiensis  Shamard. 
Siraparollus  caiilloides  Conrad. 

2.  79-82  Br.     37-28  Be. 
"29th — 2  inches  of  clay. 

30th — 3  inches  of  limestone, 

3ist — 3  inches  of  buff  shale. 

32d — I  foot  of  buff  clay  rock. 

33d — 10  inches  of  yellow  ochre  shale. 

34th — 2  feet  of  drab  shale. 

35th — 1>^  feet  of  bituminous  shale. 

36th — 3  feet  of  clay  shale. 

37th — 2  feet  of  nodular  buff  shale." 

Kansas  City,  Mo. 

Fistulipora  nodulifera  Meek. 

Rhombopara  sp. 

Septopora  biserialis  Swallow. 

Orihoihetes{y)  sp.  ^ 

Productus  longispinus  Sowerby. 

Seminula  argentea  Shepard. 

3.  83-84  Br.     26-28  Be. 

**26th — 7)4  feet  heavy  limestone,  in  two  layers. 
27th — 10  inches  blue  shale. 
28th — 5  feet  even-bedded  limestone.'* 
Kansas  City,  Mo. 
Fenestella  sp. 

Fistulipora  nodulifera  Meek. 
Pinnatopora  multipora  Rogers. 
Polypora  elliptica  Rogers. 
Stenopora  carbonaria  Worthen.  (c) 
Ambocoelia  planoconvexa  Shumard. 
Chonetes  vernenilanus  N.  and  P. 
Derbya  sp. 

Hustedia  mormoni  Marcon.  (c) 
Productus  cor  a  D'Orbigny.  (c) 
Productus  costatus  Sowerby. 
Productus  longispinus  Sowerby.  (c) 
Productus  pertenuis  Meek.  (a) 


1  A  small  pedicle  vaWe  without  a  mediam  septuni,  is  doubtfally  refeired  to  thls 
genus.  It  might  be  considered  as  tbe  youag  of  Derbtra  oxiaM  Meek  and  ^yden.  bad 
not  Hall  and  Ûlarke  flffnred  the  young  of  that  Bpecles  wttb  a  distinct  raedlnm  aertum. 
Nat.  Hlst.  of  N.  Y.,  Paleontology  vol.  vlil,  pi.  xl.  B,  ffw;».  ^ 
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Producius  semireiiculatus  Martin. 
Reiicuîaria  perpUxa  McChesney.  (c) 
Seminula  argeniea  Shepherd.  (c) 
Spirifer  cameratus  Morton. 
Spiriferina  kentuckiensis  Shumard. 
Conocardium  sp. 
BelUrophon  sp. 
Capulus  parvus  Swallow. 
Ostracods^.  (c) 

4.    Black  cherty  limestone.     85  Br.     24  Be. 
<'24th — 12  feet  deep-blue  limestone  and  black  chert  in  the  upper 
4  feet.     From  this  down  it  is  an  argillaceous  limestone  and  blue  in 
lower  strata.'' 

Kansas  City  and  Westport,  Mo.,  Argentine,  Kan. 

Archœocidaris  sp. 

Spirorbis  carbonaria  Dawson. 

Fenestella  sp. 

Polypora  sp. 

Sepiopora  biserialis  Swallow. 

Derhya  sp. 

Lingula  umbonata  Cox. 

Orbicuioidea  sp. 

Producius  cora  D'Orbigny. 

Producius  nebraskensis  Owen. 

Seminula  argeniea  Shepherd.  (c) 

Allorisma  subcuneaium  Meek  and  Hayden. 

Avicula  longa  Geinitz. 

Aviculopecien  carboniferus  Stevens.  (c) 

Aviculopecien  fasciculaius  Keyes. 

Aviculopecien  occidenialis  Shumard.   (c) 

Aviculopinna  sp. 

Lima  reiifera  Shumard. 

Monopieria  longispina  Cox. 

Myalina  ampla  Meek. 

Nucula  venir icosa  Hall. 

Pseudomonoiis  ienuisiriaius  Beede. 

ScktMûdus  wheeleri  Swallow.   (c) 

Schisodus  sp. 

Sedgwickia  iopekensis  Shumard. 

Solenomya  parallela  Beede  and  Rogers. 

Solemomya  irapezêides  Meek.   (c) 

Bellerophon  crassus  Meek  and  Worthen.   (c) 
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Bellerophon  percarinatus  Conrad,   (c) 

Naticopsis  sp. 

PUurototnaria  broadheadi  White. 

PUurotomaria  tabulaia  Conrad. 

Straparollus  sp. 

Asymptoceras  capox  M.  and  W. 

Coloceras  globatus  Meek  and  Worthen. 

Cyrioccras  sp. 

Domatoceras  lasalUnsis  M.  and  W. 

Ephippioceras  ferraius  Cox, 

Goniatites  s  p. 

Meiacoceras  sangamonensis  M.  and  W. 

Nantilus  planorbifortnis  M.  and  W. 

Naniilus  planovohis  Shuraard. 

Orthoceras  rushense  McChesney. 

Tainoceras  occidentalis  Swallow. 

Titanoceras  ponderosum  Meek. 

Phillipsia  major  Shumard. 

Fish  tooth, 

5.  Alternating  shales  and  limestones.     86  Br.     17-23  Be. 
«*i7th— 13  feet  shale. 

i8th— I  foot  argillaceous  limestone,  made  of  comminuted  shells. 
igth — 10  inches  drab  clay  shales. 
2oth — 5  inches  argillaceous  limestone. 

2ist— 2  feet  drab  clay  shales;  6  inches  bufî  shales,  and  6  inches 
blue  shales. 

22d — I  foot  argillaceous  limestone. 

23d— I  foot  buff  and  3  feet  of  blue  shales." 

Kansas  City,  Mo. 

Rhombopora  sp.   (c) 

Andcoelia  planoconvexa  Shumard.    (a) 

Choneies  vernenilanus  N.  and  P.    (a) 

Productus  longispinus  Sowerby.    (c) 

Seminula  argent ea  Shepherd.    (c) 

6.  Oôlitic  limestone.     87a  Br.     16  Be. 
**i6th — 18  feet  oôlitic  and  gray  limestone." 

Rosedale,  Argentine,  Turner,  Kansas,  and  Kansas  City,  Mo. 
Fenestella  pereîegans  Meek.  * 
FistuUpora  nodulifera  Meek    ^c) 
Polypora  elliptica  Rogers. 

1  Thls  U  the  foMll  usually  referred  to  Ponestella  Shumard's  Pront.    8ee  Nlckles  A 
Bassler,  Bull.  U.  S.  Geol.  Surr.  No.  173.  -Synopsis  of  American  Fossll  Bryozoft." 
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Polypora  sp. 

Septofora  biserialis  Swallow.   (c) 

Stenopora  carbonaria  Worthea.  (c) 

Derbya  sp. 

Diclasma  bovidens  Morton.    (c) 

Hustedia  mormoni  Marcon.    (c). 

Productus  nebraskensis  Owen.   (c) 

Productus  setnireticulatus  Martin,   (c) 

Semenula  argentea  Shepherd.   (c) 

Spirifer  cameratm  Morton.   (c) 

Spiriferina  kentuckiensis  Shumard.   (c) 

Allorisma  costatum  M.  and  W. 

Avicula  sulcata  Geinitz. 

Aviculopecien  carboniferus  Stevens. 

Aviculopecten  fasciculatus  Keyes. 

Aviculopecten  neccoyi  M.  and  H. 

Aviculopecien  occidentalis  Shumard.    (c) 

Cypricardinia  carbonaria  Meek.    (.c) 

Edmondia  nebraskensis  Geinitz. 

Lima  retifera  Shumard. 

Macrodon  obsoletus  Meek. 

Macrodon  sp. 

Modiola  subelliptica  Meek. 

Monopteria  alata  Beede. 

Mon^pieria  gibbosa  M.  and  W. 

Monopteria  longispina  Cox. 

Monopteria  marian  White. 

Myalina  kansasensis  Shumard. 

Myalina  subquadraia  Shumard. 

Myalina  swcUlovi  McChesney.   (c) 

Nucula  ventricosa  Hall,   (c) 

Nuculana  bellisiriaia  atienuaia  Meek.   (c) 

Pinna  sp. 

Pleurophorus  subcostatus  M.  and  W. 

Pleurophorus  tropidophorus  Meek. 

Pseudomonotis  hawni  M.  and  H.   f  c) 

Pseudomonotis  cf,  hawni,    (c) 

Pseudomonotis  equistriaia  Beede.  (c) 

Pseudomonotis  r  obus  ta  Beede.   (c) 

Pseudomonotis  tenuistriata  Beede.   (c) 

Streblopteria  tenuilineatusi^?)  M.  and  W. 

Bellerophon  bellus  Keyes.    (c) 
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Bellcrophon  marconanus  Geinitz.    (c) 
Strophostylus  nana  M.  and  W. 
Ephippoceras  ferraius  Cox. 
Meiacoceras  sangamonensis  M.  and  W. 
Nautilus  planuvolvis  Shumard. 
Orthoceras  sp. 

Titanoceras  ponderosum  Meek. 
Phillipsia  major  Shumard. 
Phillipsia  nodacostatus  Hare. 

7.  Shales  and  limestones.     88-89  Br.     14-15  Be. 
"I4th — 7  feet  clay  shales. 

I5th — 3  feet  îrregularly-bedded  limestone." 
No  fossils  from  thèse  horizons  were  foundL 

8.  Campophyllum  limestone.     90  Br.     13  Be. 

'*i3th — 9  feet  fine-grained,   greenîsh    gray,    even-bedded    lîme- 
stone.  " 

Kansas  City  and  Wesport,  Mo. 

Axophyllutn  rude  White  and  St.  John. 

Campophyllum  iorquium  Owen.  (a) 

Lophophyllum  sp. 

Michelinia  eugeneae  White. 

Cromyocrinus  sangamonensis  M.  and  W. 

Cyaihocrinus  stillaiivus  White. 

Hydreionocrinus  pentagonus  Miller  and  Gurley. 

Hydreionocrinus  sp. 

Acanthocîadia  pinnata  Rogers. 

Chainodicyton  laxum  Foerste. 

Cystodictya  inequimarginaia  Rogers. 

Fenesiella  limbaia  Foerste. 

Fenestella  sp. 

Fisiulipora  nodulifera  Meek. 

Pinnatopora  sp. 

Polypora  elliptka  Rogers. 

Polypora  submarginata  Meek. 

Polypora  sp. 

Rhombocladia  delicata  Rogers. 

Rhombopora  lepidodendroidea  Meek. 

Rhombopora  sp. 

Septopora  biserialis  Swallow. 

Sienopora  carbonaria  Worthen. 

Choneies  vernenilanus  N.  and  P. 

Cleiothyris  roisyii  L*  Eveille. 
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Dcrbya  crassa  M.  and  H.   (c) 
Hustedia  mormoni  Marcou. 
Productus  lôngispinus  Sowerby.   (c) 
Productus  nebraskensis  Owen.   (c) 
Productus  punctatus  Martin. 
Productus  semireticulatus  Martin. 
Seminula  argent ea  Shepherd.   (c) 
Spirifer  cameratus  Morton.    (c) 
Spiriferina  kentuckiensis  Shumard. 
Reticularia  perpUxa  McChesney. 
Avicuhpecten  occidentalis  Shumard. 
Myalina  kansasensis  Shumard. 
Myaîina  subquadraia  Shumard. 
Capulus  parvus  Swallow. 
Pleurotomaria  missouriensis  Swallow.    (c) 
Gasteropod  sp. 
Phillipsia  major  Shumard. 
Fish  tooth. 

9.     Shales  and  limestones.     91-95  Br.     6-12  Be 
*'6th — Thin  seam  of  clay,  4  inches. 

7th— 15  inches  blue  limestone. 

8th — 2  feet  bituminous  and  blue  clay  shales. 

9th — 18  inches  in  one  bed  of  limestone. 

loth — 16  inches  blue  clay  shales. 

iith — 16  inches  blue  limestone,  largely  composed  of  comminuted 
shells. 

i2th — II  feet:  5  feet  8  inches  blue  clay  shales  and  5  feet  4  inches 
buff  and  drab  nodular  shales.'' 

Kansâs  City,  Mo. 

Fusulina  secalica  Say. 

Lophophyllum  profundum  Milne-Ëdwards  and  Haime. 

Cystodictya  inequimarginata  Rogers. 

FenestcUa  Hmbata  Foerste. 

Pinnatopora  sp.  « 

Polypora  elliptica  Rogers. 

Rhombopora  iepidodendroides  Meek.    (c) 

Rhombopora  sp. 

Septopora  biserialis  Swallow.    (c) 

Sepiopora  intcrporata(^?)  Rogers. 

Chonetes  vernenilanus  N.  and  P. 

Derbya  crassa  M.  and  H. 
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Derby  a  keokuk  Hall.  * 

Hustedia  mormoni  Marcou. 

Productus  cor  a  D'Orbigny. 

Productus  longispinus  Sowerby. 

Productus  nebraskensis  Owen. 

Productus  punctatus  Martin. 

Pugnax  uta  Marcou. 

Rhipidomella  pecosi  Marcou. 

Seminula  argent ca  Shepherd. 

Spirifcr  cameratus  M  or  ton. 

Spiriferina  kentuckUnsis  Shuniard. 

Aviculopecten  carboniferus  Stevens. 

Aviculopecten  occidentalis  Shuniard. 

Aviculopecten  rectalaterarius  Cox. 

Lima  retifera  Shumard. 

Myalina  swallovi  McChesney. 

Schizodus  sp. 

Gasteropod  sp. 

Conularia  crustula  White.   (c) 

Goniatites  sp. 

Nautilus  sp. 

Orthoceras  sp. 

Phillipsia  major, 

Listiacanthus  hystrix.   (c) 

Fish  tooth, 

Crucipes  parva  Butts. 

Duovestigia  s  cala  Butts. 

Notalacerta  jacksonensis  Butts. 

Notalacerta  missouriensis  Butts. 

Notamphibia  magna  Butts. 

Punctatum  vestigium  circuliformis  Butts. 

10.     Heavy-bedded  limestone.     96  Br.     5  Be. 
"5th — 5  feet  heavy-bedded  limestone. 
Kansas  City,  Mo. 

Axophyllum  rude  White  and  St.  John. 
Campophyllum  torquium  Owen. 

Lophophyllum  profundum  Milne-Edwards  and  Haime. 
Lophophyllum  westii  Beede.  * 
Archaeocidaris  s  p. 


1  Derhya  hettkuk  Hall,  und  D.  ritbtuia  Hall   are  syDouyms.     See  Beede.  Unir.  Getil 
Surv.  Kan..  vol.  vl. 
3  This  Is  thc  fossll  usuully  called  CyaWaxonia  (jli»torta, 
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Cystodiciya  inequitnarginata  Rogers. 
FenesUlla  kansasensis  Rogers. 
Ferustella  perelegans  Meek. 
Fistulipora  nodulijera  Meek. 
Pinnaiopora  sp. 
Polypora  elliptUa  Rogers. 
Polypora  triangularis  Rogers. 
Rhombocîadia  delicata  Rogers. 
Rhombopora  sp. 
Septopora  biserialis  Swallow. 
Scptopora  interporatai^?^  Rogers. 
Stenopora  sp. 

Ambocoelia  planoconrexa  Shumard. 
Chonetes  vernenilanus  N.  and  P. 
Derby  a  s  p. 

Diclasma  bovideus  M  or  ton. 
Hustedia  mormoni  Marcou. 
Meekella  striatocosiaia  Cox. 
Productus  cora  D'Orbigny.   (c)  . 
Productus  costatus  Sowerby.   (c) 
Productus  longispinus  Sowerby. 
Productus  nebrcukcnsis  Owen.    (c) 
Productus punctatus  Martin,    (c) 
Productus  scmireticulatus  Martin,    (c) 
Rhipidomella  pecosi  Marcou.    (c) 
Seminula  argcntea  Shepherd.   (c) 
Spirifer  camcratus  M  or  ton.   (c) 
Spiriferina  kcntuckiensis  Shumard. 
Aviculopecten  interlineatas  M.  and  W. 
Chaenomya  s  p. 
Pinna  sp. 
Ostracod  sp. 

11.     Shale.     97  Br.     4  Be. 
*4th — 25  feet  blue  and  olive-colored  shales." 
Kansas  City,  Mo.,  and  Argentine,  Kans. 
Ccriocrinus  hemisphericus  Shumard.    (c) 
Ceriocrinus  missouriensis  Miller  and  Gurley. 
Ccriocrinus  nodulifcra  Butts.  ' 
Erisocrinus  toddanus  Butts.  * 
Erisocrinus  typus  M.  and  W.   (c) 


1  Butta.    Trans.  Acad.  of  Sel.  of  Kansas  Oltj,  roi.  i.  pp.  13-15.    Plate.    1899. 
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Eupachycrinus  harii  Miller. 
Eupachycrinus  magistcr  M.  and  G. 
Eupachycrinus  sphaeralis  M.  and  G. 
Phialocrinus  basilicus  M.  and  G. 
Phialocrinus  barydactylus  Keyes. 
Phialocrinus  harii  M.  and  G. 
Phialocrinus  lykinsi  B  u  t ts. 
Phialocrinus  magnificus  M.  and  G.    (c) 
Fistulipora  nodulifera  Meek. 
Polypora  sp. 

Rhombopora  Upidodcndroidea  Meek. 
Septopora  biserialis  Swallow. 
Stfnopora  ohioensis  Foerste. 
Stenopora  spinulosa  Rogers. 
Derby  a  crassa  M.  and  H. 
Lingulct  umbonala'Cox, 
Orbiculoidea  convexa  Shumard. 
Productus  nebraskensis  Owen.    (c) 
Producius  perte  nuis  Meek. 
Productus  symmetricus  McChesney. 
Seminula  argentea  Shepherd.   (c) 
Avicula  longa  Geinitz 
Aviculopecten  occidentalis  Shumard.    (c) 
A inculopinna  amcricanum 
A  viculopinna  illinoisensis. 
Edmondia  nebraskensis  Geinitz. 
Lima  retifera  Shumard. 
Modiola  subelliptica  Meek. 
Monopteria  gibbosa  M.  and  W. 
'Myalina  swallovi  McChesney.    (c) 
Myalina  sp. 

Nuculana  bellistriata  Stevens. 
Schizodus  harii  Miller,   (c) 
Schizodus  sp,  cf.  affinis  Herrick. 
Streblopteria  termilineatm(J)  M.  and  W. 
Yoldia  cf.  knoxensis  McChesney. 
Bellerophon  carbonarius  Cox 
Bellerophon  carbonarius  Conrad,  (c) 
Dentalium  meekianum  Geinitz. 
Pleurtomaria   missouriensis  Swallow. 
Pleur tomaria  sp. 
Co  nul  aria  crus  tu  la  White. 
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Orthoceras  sp. 

Nautilus  sp. 

Tainoceras  occidentalis  Swallôw. 

12.     lola  limestone.     98  Br.     3  Be. 
<«3d— 30  feet  of   gray.  bluish  gray  and   flesh-colored    limestone, 
the  lola  limestone.'' 
Sponge  sp. 

Axophyllum  rude  White  and  St.  John. 
Lophophyllum profundum  Milne-Edwards  and  Hainie. 
Lophophyllum  westii  Beede. 
Michelinia  eugeneae  White. 
Syringopora{f)  n.  sp. 
Cfriocrinus  hemisphericus  Shumard. 
Archaeocidaris  tri5€rrata{?)  Meek. 
Spiropbis  carbonarius  Dawson. 
Chainodictyon  laxum  Foerste.   (c) 
Cysiodiciya  divisa  Rogers. 
Cystodictya  inequimarginata  Rogers.    (c) 
Femstella  kansasensis  Rogers. 
Fenestella  limbata  Foerste.    (c) 
Fenestella  ovatipora  Rogers. 
Fenesiella  remota  Foerste.   (c) 
Fenesiella  perelegans  Meek. 
Fistuiipora  nodulifera  Meek.    (c) 
Pinnatopora  pyp'iformipora  Rogers. 
Pinnatopora  trilineata  Meek. 
Pinnatopora  whitii  Foerste. 
Polypora  eîliptica  Rogers. 
Polypora  flexuosa  Rogers. 
Polypora  submarginata  Meek. 
Polypora  triangularis  Rogers. 
Rhabdomeson  americanum  Rogers.  * 
Rhombocladia  delicata  Rogers. 
Rhombopora  Upidodendroidea  Meek.   (c) 
Septopora  biserialis  Swallow. 
Sâptopora  inierporata  Rogers. 
Stenopora  carbonaria  Worlhen. 
Streblotrypa  striatopora  Rogers. 
Thamniscus  tenuiramus  Rogers. 
Ambocoelia  planoconvexa  Shumard. 


1  Dcftcrlbed  In  the  preccdlng  number  of  thls  Journiil. 
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Chonetes  vernenilanus  N.  and  P. 

Cleiothyris  roisyii  L*  Eveille. 

Cranta  modesta  White  and  St.  John. 

Derbya  bennettt(^?)  Hall  and  Clarke. 

Dfràya  keokuk(J)  Hall. 

Derbya  sp. 

Dicîasma  bovidens  Morton. 

Hustedia  mormoni  Marco  11. 

Orbiculoidea  convexa  Shumard. 

Orbiculoidea  missouriensis  Shumard. 

Productus  cora  D'Orbigny.   (c) 

Productus  hngispinus  Sowerby.    (a) 

Productus  nebraskensis  Owen.   (c) 

Productus  pcrtenuis  Meek.    (c) 

Productus  punctatus  Martin,   (c) 

Productus  semireticulatus  Martin,    (c) 

Pugnax  ut  a  Marcou. 

Reticularia  pcrpiexa  McChesney. 

Spirifcr  cameratus  Morton. 

Spiriferina  kentuckicnsis  Shumard.    (c) 

A  lions  ma  costatum  M.  and  W. 

Allorisma  granosum  Shumard. 

Allorisma  subcuneatam  M.  and  H. 

Avicula  sulcata  Geinitz. 

Aviculopecten  carboniferus  Stevens.    (c) 

Aviculopecteh  interlineatus  M.  and  W. 

Aviculopecten  mccoyi  M.  and  H. 

Aviculopecten  occidentalis  Shumard. 

Conocardium  parrishi{?)  Worthen. 

Cypricardinia  carbonariai^l)  Meek. 

Edmondia  sp. 

Lima  reti/era.  Shumard. 

Macrodon  sp. 

Myalina  kansasensis  Shumard. 

Pernopecten  aviculatus{f^  Swallow. 

Pinna  ^p. 

Gasteropod  sp. 

Orthoceras  s  p. 

Nautilus  s  p. 

Ostracods,  several  species. 

Cyclus  n.  sp. 

Phillips ia  major  Swallow. 
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Periprisiis  semicircularis  Newberry  and  Worthen. 

13.  Under  this  heading  are  given  ail  the  strata  included  between 
the  lola  Limestone  and  the  Lower  Garnett  Limestone.  In  the 
absence  of  detailed  stratigraphie  work  it  can  not  be  spid  whether 
they  are  persistent  or  merely  local  Systems.  They  are  accordingly 
grouped  together  and  the  fossils  occuring  in  the  two  limestones 
are  given  in  the  same  list. 

Argentine,  Kansas. 

33  feet  covered  slope  containing  shale  ^ 

3  feet  limestone. 

7j4  feet  shale. 

10)^  feet  limestone,  oôlitic  in  part. 

7>^  feet  shale. 

Archaocidaris  sp. 

Fesiulipora  nodulifera  Meek. 

Rombopora  s  p.    (c) 

Sepiopora  biserialis  Swallow. 

Producius  cora  D'Orbigny. 

Producius  nebraskensis  Owen. 

Producius  semireticulatus  Martin. 

Seminula  argent ea  Shepherd.   (c) 

Spiriffr  cameratus  M  or  ton. 

Avicuhpecten  occidentalis  Swallow. 

Myalina  subquadrata  Shumard.    (c) 

Penna  sp. 

Phillips ia  major  Shumard. 

14.  Lower  Garnett  Limestone. 
Eudora,  Douglas  county,  Kansas. 
6  feet  thick. 

Fusulina  secalica  Say. 

Lophophyllum  profundum  M.-E.  and  H. 

Archaocidaris  s  p. 

Serpula  insita  White. 

Fenestella  limbata  Foerste. 

Fenestella  remota  Foerste. 

Fistulipora  s  p. 

Pinnatopora  multipora  Rogers. 

Pinnatopora  trilineata  Meek.    (c) 


1  The  limestone  capoltig  the  top  of  the  hilKs  at  Argentine  Is  the  Lower  Garnett.  Many 
i»pecies  wbich  occar  In  tliut  limestone  at  Eudora,  Kansas,  are  found  here«  includlng 
Kuteûtes  hemivlieata.  Bennett  not  findlng  tliis  fossil  In  the  limest/)ne  at  the  top  of  the 
hlll  concladed  that  the  Lower  Garnett  (Syntrichisma)  limestone  wus  containea  In  the 
corered  slope.    8ee  Univ.Geol.  Supv.  Kans..  vol.  U  pp.  Ul-112, 189«. 
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Polypora  s  p.  * 

Polypora  s  p.     ' 

Rhombocladia  dflicata  Rogers. 

ChroneUs  vernenilanus  N.  and  P. 

Crania  modesta  White  and  St.  John. 

Derbya  sp. 

Diclasma  bovidens  Morton.    (c) 

Euteletes  hemiplicata  Hall,    (a) 

Producius  cora  D'Orbigny,   (c) 

Productus  cora  americana  Swallow. 

Producius  longispinus  Sowerby.   (c) 

Productus  nebraskensis  Owen. 

Productus  perienuis  Meek.    (c) 

Productus  pu  net  a  tus  M  a  rt  i  n . 

Seminuia  argent ca  Sliepherd.   (c) 

Spirifer  cameratus  Morton. 

Spiri/erina  kcntuckiensis  Shumard. 

Avicuiopecten  carbonifcrus  Stevens.  (c) 

Aviculopccten  occidentalis  Shumard. 

Conocardiuni  s  p. 

Myalina  s  p. 

Pelyccpod  sp. 

Pelycepod  sp. 

Pelycepod  sp. 

Pleurotomaria  missouriensis  Swallow. 

Gasteropod  sp. 

Gasteropod  sp. 

Gasteropod  s  p. 

Gasteropod  s  p. 

Griffithides  scitula  M.  and  W. 

Cyclus  n.  sp. 

Ostracod  s  p. 

Ostracod  sp. 

15.     Upper  Garnett  Limestone. 
*'  .   .   .    12  feet  thick  at  Eudora,   ....   above  it  3  feet  of  brown 
and  somewhat  calcified  clay  shales,  upon  which  lies   1^  feet  of 
thinly  laminated  limestone."* 

Eudora,  Douglas  county,  Kansas. 

Fusulina  seealica  Say. 

Archœocidaris  s  p. 

Fenestella  limbata  Foerste. 


1  Rennctt.    UiiU.  UtH)1.  Surv.  Kiin.s..  vol.  i,  p.  11»,  1896. 
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FistuHpora  nodulifera  Meek. 

Pinnatopora  trilineata  Meek. 

Rhombopora  lepidodendroidea  Meek. 

Septopora  biserialis  Swallow. 

Chonetes  granulifer  Owen. 

Meekâlla  striatacosiata  Cox. 

Orthothetes{?)  sp. 

Productus  pertenuis  Meek. 

Productus  stmireticulatus  Martin. 

Rhipidomella  pecosi  Marcou.  • 

Seminula  argentea  Shepherd. 

Spirifer  cameratus  Morton. 

Spiriferina  keniuckiensis  Shumard. 

Aviculopecten  occidentalis  Shumard. 

16,     Lawrence  Oôlite. 

Oôlitic  limestone  at  top  grading  into  calcareous  sandstone  at  the 
bottom,  about  6  feet  thick.  Located  within  the  Lawrence  Shales. 
A  local  horizon  very  prolific  in  animal  remains. 

Dam  at  Lawrence,  Kansas,  and  at  Cameron's  Bluff,  three  miles 
west  of  Lawrence. 

Fusulina  secalica  Say. 

Lophophyllum  sp. 

Hydreionocrinus  subsinuatus(^?)  M.  and  G. 

Archœocidaris  sp. 

Fenesteîla  shumardt(,?)  Prout. 

Pinnatopora  sp. 

Polypora  sp. 

Polypora  sp. 

Rhombopora  sp. 

Septopora  biserialis  Swallow. 

Aulacorhynchus  milUpunctatus  M.  and  W. 

Chonetes  granulifer  Owen. 

Chonetes  vernenilanus  N.  and  P. 

Derbya  keokuk  Hall. 

Derbya  sp. 

Diclasma  bovidus  Morton. 

Meekella  strictocostata  Cox. 

Orbiculoidea  missouriensis  Shumard. 

Orbiculoidea  sp. 

Productus  cora  D'Orbigny.   (c) 

Productus  longispinus  Sowerby. 

Productus  nebraskensis  Owen.   (c) 
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Productus  perUnuis  Meek.   (c) 
Producius  punctatus  Martin. 
Productus  semireticulatus  Martin. 
Pugnax  eta  Marcou. 
Reticularia  perplexa  McChesney. 
Semiaula  argentea  Shepherd.    (c) 
Spirifer  eameratus  Morton. 
Avicula  longa  Geinitz.   (c) 
Avicula  sulcata  Geinitz    (c) 
•     Aviculopecten  carboniferus  Stevens. 

Avicuïopecten  gertnanus(^f)  Miller  and  Faber. 
AviculopecUn  mccoyi  M.  and  H. 
Aviculopecten  occidentalis  Shumard.   (c) 
Aviculopecten  sculptilis  Miller. 
Chaenomya  leavenworthensis  M.  and  H. 
Cypricardinia  carbonaria  Meek.     • 
Edmondia  nebraskensis  Geinitz.   (c) 
Lima  retifera. 
Macrodon  ob  sole  tus  Meek. 
Macrodon  sangamonenensis  Worthen. 
Modiola  subelliptica  Meek. 
Monopteria  alata  Beede. 
Monopteria  gibbosa  M.  and  W. 
Monopteria  longispina  Cox.   (c) 
Monopteria  marion  White.   (c) 
Monopteria  subalata  Beede  and  Rogers. 
Myalina  subquadrata  Shumard.   (c) 
Myalina  swallovi  McChesney.   (c) 
Myalina  sp. 

Nucula  pulchella  Beede  and  Rogers. 
Nuculana  bellistriata  Stevens. 
Pernopecten  aviculatus(^f)  Swallow. 
Pinna  sp. 

Pleurophorus  subcostatus  M.  and  W. 
Posidonomya(^f)  pertenuis  Beede. 
Posidonomya^?)  recurva  Beede. 
Posidonomya  sp. 
Prothyris  elegansij)  Meek. 
Pseudomonotis  hawni  M.  and  H.    (c) 
Pseudomonotis  cf,  hawni. 
Pseudomonotis  tenuistriata  Beede. 
Schizodus  compressus  Rogers.   (c) 
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Schizûdus  subcircularis  Herrick. 
Schizodus  sp. 

SoUnomya  paraUela  Beede  and  Rogers. 
Yoldia  glabra  Beede  and  Rogers. 
BelUrophon  belliis{?)  Keyes. 
Bellerophon  carbonarius  Cox. 
Beîierophon  crassus  M.  and  W. 
Bellerophon  tnarcouanus  Geinitz. 
Naticopsis  altonensis  McChesney. 
Pleurotomaria  missouriensis  Swallow. 
GasUropod  sp. 
Gasteropod  sp. 
Cyrtoceras  sp. 

Metacocercis  sangamonensis  M.  and  W. 
Nantilus  planovolvis  Shumard. 
Tainoceras  occidentalis  Swallow. 
Griffithides  scitula  M.  and  W. 
Crustacean  sp. 
Ostracod  sp. 
Fish  tooth. 

17.    Lower  Oread  Limestone. 

About  12  feet  thick. 

Lawrence,  Kansas. 

Fusulina  secalica  Say.   (c) 

Aulopora  prosseri  Beede. 

Axophyllutn  rude  White  and  St.  John. 

Lophophyllum  profundum  M.-E   and  H.   (c) 

Lophophyllum  westii  Beede. 

Ceriocrinus  hemisphericus, 

Hydreionocrinusi^?)  sp. 

Archacidaris  sp. 

Cystodictya  inequimarginata  Rogers. 

Fenesiella  kansasensis  Rogers. 

Fenesiella  limbata  Foerste. 

Fenesiella  retnota  Foerste. 

Fenesiella  perelegans  Meek. 

Fisiulipora  nodulifera  Meek.  (c) 

Pinnatopora  ptiloporoidea  Rogers. 

Pinnaiopora  trilineata  Meek. 

Pinnalopora  whitii  Foerste. 

Pinnatopora  sp. 

Polypora  elliptica  Rogers. 


252  KANSAS    UNIVERSITY   QUARTERLY. 

Folypora  flexuosa{?)  Rogers. 
Polypora  missouriensis^?)  Rogers. 
Polypora  sfinuii/era{?)  Ulrich. 
Polypora  submarginata  Meek. 
Polypora  triangularis  Rogers. 
Rhabdomeson  atnericanum  Rogers.  * 
Rhombocladia  delicata  Rogers. 
Rhombopora  lepidodendroidea  Meek. 
Septopora  biserialis  Swallow. 
Streblotrypa  prisca  Gabb  and  Horn. 
Streblotrypa  striatoporà  Rogers. 
Thamniscus  tenutramus{? )  Rogers. 
Bryozoan  n.  gen. 

Ambococlia  planuconvexa  Shumard.  (c) 
Chonetes  granulifer  Owen.   ^c) 
Derby  a  bennetii  Hall  and  Clarke. 
Derby  a  crassa  M.  and  H. 
Derbya  keokuk  Hall. 
Enteletes  hemiplicata  Hall. 
Hustedia  mormoni  Marcou. 
Meekella  striatocostata  Cox.    (c) 
Productus  cor  a  D'Orbigny.   (c) 
Productus  costatus  Sowerby. 
Productus  longispinus  Sowerby.   (c) 
*    Productus  punctatus  Martin. 

Productus  semireticulatus  Martin,    (c) 

Reticularia  perplexa  McChesney.    (c) 

Rhipidomella  pecosi  Marcou.   (c) 

Seminula  argentea  Shepherd.   (c) 

Spirifer  cameratus  Morton.   (c) 

Spiriferina  kentuckiensis  Shumard.    (c) 

Allorisma  granosum  Shumard. 

Allorisma  subcuneatum  M.  and  H. 

Aviculopecten  germanus{?)  Miller  and  Faber. 

Aviculopecten  occident alis  Shumard. 

Myalina  sp. 

Nuculana  bellistriata  Stevens. 

Pinna  sp. 

Naticopsis  sp. 

Gasteropod  sp. 

Domatoceras  lasallensis^f)  M.  and  W. 


1  Tbls  specles  is  describod  In  the  precediiig  (July)  number  of  thls  Journal. 
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Ephippoceras  ferratus  Cox. 
Tainoceras  occidenialis  Swallow. 
Griffithides  sciiula   M.  and  W. 
Fish  tooth, 

18.  Oread  Shales. 

"425  feet  bîtuminous  shale,  between  the  Lower  and  Upper  Oread 
Limestones. 

Lecompton..  Kanas. 

Ambocodia  planoconvexa  Shumard.   (c) 

Cranta  modesta  White  and  St.  John. 

Orbiculoidea  missourUnsis  Shumard.    (c) 

Productus  cora  D*Orbigny.   (a) 

Pugnax  uta  Marcou.    (c) 

Seminula  argent ea  Shepherd.   (c) 

AviculopecUn  coxanus  M.  and  W. 

Posidonomya  sp. 

Pleurotomaria  sp. 

Insect  wing. 

19.  Upper  Oread  Limestone. 

<'22)^  feet  thîck,  capable  of  subdivision  as  folio ws:  Resting  at 
its  base  are  a  few  feet  of  bituminous  shales,  then  12  feet  of  heavy- 
bedded  rock,  the  middle  two  feet  of  which  îs  very  cherty.  Above 
this  lies  i  foot  of  blue  clay  shales;  then  6  feet  of  shelly  nodular 
limestone  with  heavy  clay  partings  abounding  in  well  preserved 
fossils,  and  this  again  capped  by  an  even  stratum  i^  feet  thick, 
separated  from  two  layers  above  by  4  inches  of  clay,  the  top  layer 
being  i^  feet  thick."^ 

Lècompton,  Douglas  county,  Kansas. 

Fusulina  secalica  Say.   (a) 

Aulopora  prosseri  Beede.   (c) 

Caniphophyllum  torquium  Owen. 

Lophophyîlum  westii  Beede. 

Cystodictya  inequimarginata  Rogers. 

Fenestella  remota  Foerste. 

Fenestella  sp. 

Fistulipora  nodulifera  Meek.    (a) 

Pinnatopora  sp. 

Polypora  ellipticà  Rogers.    (c) 

Polyfora  triangularis  Rogers.   (c) 

Polypora  sp. 


1  Bcnnett.    Univ.  Geol.  Surv.  Kans.,  vol.  i,  p.  115. 1806. 
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Rhotnbopora  lepidodendroidea  Meek.   (c) 
Rhombopora  sp.   (c) 
Septopora  biserialis  Swallow. 
Strebîotrypa  prisca  Gabb  and  Horn. 
Streblotrypa  striatopora  Rogers. 
Atnbocoelia  planoconvexa  Shumard.    (c) 
Chonetes  granulifer  Owen.   (c) 
Derby  a  bennett  Hall  and  Clarke.   (c) 
Derbya  keokuk  Hall,   (c) 
Diclasma  bovidens  Morton. 
EnteUtes  hemiplicata  Hall,   (c) 
Hustedia  tnormoni  Marcou.    (c) 
Meekella  striatocostaia  Cox. 
Productus  cora  D'Orbigny.    (a) 
Productus  costatus  Sowerby. 
Productus  longispinus  Sowerby. 
Productus  nebraskensis  Owen. 
Productus  pertenuis  Meek. 
Productus  punctatus  Martin. 
Productus  semireticulatus  Martin. 
Pugnax  ut  a  Marcou. 
Rhipidomella  pecosi  Marcou.   (c) 
Seminula  argentea  Shepherd.    (c) 
Spirifer  cameratus  Morton.   (c) 
Spiriferina  kentuckiensis  Shumard.    (c) 
Allorisma  granosum  Shumard. 
AUorisma  subcuneatutn  M.  and  H. 
Aviculopecten  carboniferus  Stevens. 
Aviculopecten  mccoyi  M.  and  H. 
Aviculopecten  providencesis  Cox. 
Chaenomya  cooperi{?)  M.  and  H. 
Edmondia  sp. 
Lima  retifera  Shumard. 
Monoptcria  maria n  White. 
Myalina  s  p. 

Pinna  peracuta  Shumard. 
Pleurophorus  sp. 
Schizodus  wheeleri  Swallow. 
Bellerophon  crassus  M.  and  W.    (c) 
Bellerophon  s  p. 
Euomphalus  sp. 
Naticopsis  sp. 
Gasteropod  sp. 
Griffithides  scitula  M.  and  W. 


Microscopic  Comparison  of  Samples  of 
White  Arsenic. 


BY    EDWARD    BARTOW. 


Wlth  Plates  XL VI.  XLVII  and  XL VIII. 

In  a  récent  case  of  suspected  poisoning  in  this  state,^  a  bottle  of 
malted  milk  was  brought  to  me  for  examination  I  found  évidence 
of  the  présence  of  arsenic  by  the  Marsh  test,  and  by  the  Reinsch 
test;  and  even  the  simple  test  of  heating  the  substance  with  a 
pièce  of  charcoal,  in  a  glas&  tube  closed  at  one  end,  gave  a  heavy 
arsenic  mirror. 

Considering  the  greasy  nature  of  the  material  undër  examination, 
I  conceived  the  idea  of  separating  the  crystals  of  white  arsenic,  if 
the  arsenic  should  be  présent  in  that  form,  by  means  of  ether.  On 
panning  the  malted  milk  with  ether  in  a  shallow  porcelain  dish,  I 
was  enabled  to  separate  quantities  of  the  crystals  in  a  pure  state. 
An  attempt  to  do  this  with  water  failed.  In  fact  water  could  not 
be  used  on  them  until  they  were  free  from  the  fat. 

A  few  crystals  of  white  arsenic  were  separated  from  a  bottle  of 
whiskey  found  on  the  premises  of  the  deceased. 

In  following  up  a  due  that  seemed  to  point  to  the  source  from 
which  the  poison  might  hâve  been  obtained,  the  county  attorney 
submitted  to  me  a  sample  of  white  arsenic  crystals  obtained  from 
this  source.  He  requested  me  to  détermine  whether  they  were 
like  those  found  in  the  malted  milk  or  in  the  whiskey.  To  my 
knowledge,  the  only  work  of  such  a  nature  is  that  of  Professor  £. 
S.  Dana«  *  Professor  Dana  enters  into  an  exhaustive  account  of 
the  methods  of  preparing  white  arsenic,  and  of  the  possibilities  of 
différences  due  to  the  variations  of  the  conditions  during  the  pro- 
cess.  He  also  made  microscopical  examinations  of  many  samples 
of  commercial  arsenic,  and  deduced  the  following  conclusions: 
<'The  study  of  a  large  number  of  independent  samples  of  commer- 
cial white  arsenic  confirms  the  conclusions  based  upon  the  obser- 
vations  as  to  the  method  of  manufacture,  and  shows  that  wide 

1  9tate  of  h  ansas  va.  Kunkel. 

2  Microscopic  Examination  of  Samples  of  Commercial  Arsenic,  Jersey  City,  1880. 

(256)  KAN.  UNIV.  QUAB.,  VOL.  IZ,  NO.  4,  OOT.,  1900,  8BBII8  A. 
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variations  in  character  often  exists.  Thèse  différences,  when  they 
obcur,  are  readily  distinguishable  by  the  microscope,  and,  in  most 
every  case,  it  is,  by  this  means,  possible  to  conclude,  of  two  test 
samples,  whether  they  could  01  could  noi  hâve  come  from  the  same 
source;  and  this  is  true,  under  favorable  conditions,  even  if  one  of 
the  samples  has  been  subjected,  for  some  time,  to  the  action  of  the 
stomach." 

The  work  of  Professor  Dana  is  well  known,  but  at  first  I  had 
only  at  command  the  limited  notice  given  to  it  in  the  works  on 
toxicology.  Later  I  rêceived  the  article  of  Professor  Dana,  which 
he  kindly  sent  me,  and  was  interested  in  carrying  out  more  in 
détail  the  methods  of  work  which  he  describes.  My  method  of 
work  folio ws: 

I  fnounted  a  few  slides  of  each  of  the  samples  (the  limited  amount 
of  crystals  separated  from  the  whiskey  made  but  one  siide)  as  weli 
as  samples  of  white  arsenic  from  the  laboratories  of  the  university 
and  from  the  drug  stores  of  the  city.  Différences  were  so  marked 
that  I  at  once  concluded  that  the  saraple  subraitted  by  the  county 
attorney  and  the  arsenic  from  the  malted  milk  could  not  hâve  had 
the  same  source.  To  assure  myself  that  the  treatment  with  ether 
had  not  changed  the  character  of  the  crystals  from  the  malted  milki 
I  mixed  some  of  the  arsenic  from  the  suspected  source  with  pure 
malted  milk,  using  the  same  proportions  as  were  found  in  the 
malted  milk  containing  the  poison,  then  panned  out  the  arsenic  in 
the  same  manner  as  from  the  original  sample  of  malted  milk.  Sev- 
eral  slides  were  made  with  the  arsenic  treated  in  this  way.  After 
the  process  there  was  no  différence  in  the  appearance  of  the 
sample. 

In  the  microscopical  examination,  I  noted  the  size  of  the  crys- 
tals, the  size  of  the  amorphous  bodies  présent,  the  character  of  the 
amorphous  bodies,  and  the  relative  number  of  crystals  and  amorph- 
ous bodies.  We  may  thus  summarize  the  observations  of  the 
crystals  from  the  milk  (Fig.  4),  the  whiskey  (Fig.  3),  and  the 
suspected  sample  (Figs.  i  and  2).  The  crystals  from  the  sus- 
pected sample  were  the  smallest,  those  from  the  whiskey  were  the 
largest,  though  not  much  larger  than  those  from  the  malted  milk. 
The  amorphous  bodies  were  of  a  similar  size  in  each  sample.  In 
each  case  were  some  much  larger  than  the  crystalline  bodies. 
Those  from  the  milk  were  of  a  transparent  nature,  while  the  others 
were  opaque.  In  the  suspected  saraple,  about  25  per  cent  were 
well  shaped  crystals.  In  the  sample  from  the  whiskey  about  15 
per  cent  were  crystals.     That  from  the  malted  milk  showed  about 
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40  per  cent  of  crystals.  From  thèse  différences  I  concluded  that 
the  arsenic  in  the  suspected  sample  could  not  hâve  had  the  same 
source  as  that  found  in  the  milk  and  the  whiskey. 

In  order  to  be  sure  that  my  séparation  of  the  various  slides  into 
groups  was  not  due  to  my  familiarity  with  them,  I  submitted  thèse 
slides,  together  with  slides  prepared  from  arsenic  from  other 
sources,  to  Professor  S.  W.  Williston,  to  Professor  W.  C.  Stevens, 
and  to  Professor  £.  Haworth.  Each  had  no  difficulty  in  séparât- 
ing  the  slides  submitted  into  groups,  always  putting  those  from  the 
same  source  into  the  same  group,  and  never  classifying  the  sus- 
pected sample  with  the  spécimens  from  the  milk  and  the  whiskey, 
thus  confîrmiag  my  own  conclusions. 

AH  the  comparisons  were  made  directly  from  the  slides,  and,  in 
fact,  a  better  judgment  can  be  formed  by  observing  a  considérable 
portion  of  each  slide.  I  hâve,  however,  had  a  number  of  micro- 
photographs  made  by  Mr.  F.  E.  Marcy  the  university  photo- 
grapher.  Thèse  show  the  crystals  magnified  seventy-fîve  diameters 
and  give  a  very  good  illustration  of  the  variations  in  the  various 
samples.  I  hâve  added  also  photographs  of  samples  from  spéci- 
mens of  white  arsenic  in  the  chemistry  (Fig.  5)  and  pharmacy 
laboratories  (Fig.  6)  of  the  university,  because  they  show  a  great 
variation  in  the  percentage  of  crystals,  though  the  particles  are 
nearly  of  the  same  size. 


The  Détection  of  Arsenic,  Antimony  and  Tin. 


BY    HAMILTON    P.    CADY. 


The  détection  of  arsenic,  antimony  and  tin  in  the  présence  of 
one  another  is  a  rather  long  and  tedious  process  when  carried  out 
by  the  ordinary  qualitative  methods.  The  Marsh  test,  either  in  its 
original  form  or  with  the  silver  nitrate  modification,  is  probably  the 
best  of  the  common  methods,  but  even  this  is  not  very  successful 
in  the  hands  of  many  students.  The  following  method  has  been 
found  rapid  and  convenient: 

The  process  is  carried  out  as  follows:  three  or  four  e.  e.  of  the 
solution  to  be  tested  is  placed  in  a  test  tube,  and  about  one  and 
one-half  times  the  volume  of  concentrated  hydrochloric  acid  is  then 
added,  and  hydrogen  sulfid  passed  through  the  solution.  The 
arsenic,  whether  in  the  arsenous  or  arsenic  condition,  is  precipitated 
as  AS|  S3,  while  the  antimony  and  tin  remain  in  solution.  If  the 
arsenic  is  in  the  arsenous  condition,  the  precipitate  will  settle  out, 
leaving  the  solution  clear;  while  if  it  is  in  the  arsenic  condition, 
the  sulfur  formed  during  its  réduction  will  remain  suspended,  ren- 
dering  the  liquid  turbid.  So  one  can  not  only  detect  the  arsenic, 
but  can  also  tell  whether  it  is  arsenous  or  arsenic.  If  arsenic  acid 
is  formed  it  will,  of  course,  be  necessary  to  test  for  arsenous  some 
other  way. 

After  the  arsenic  has  been  precipitated  the  tube  is  inclined  at  an 
angle  of  about  thirty  degrees,  and  cold  water  saturated  witn 
hydrogen  sulfid  is  carefuUy  poured  in,  stirring  up  the  solution  as 
little  as  possible.  Almost  as  soon  as  the  first  drops  of  water  touch 
the  solution  the  antimony  sulfid  is  precipitated  as  an  orange  red 
ring  or  layer  floating  on  the  highly  acid  solution.  Upon  further 
dilution  the  yellow  stannic  sulfid  is  precipitated  and  blending  into 
this  the  brown  to  black  stannous  sulfid.  After  standing  a  few  mo- 
ments there  will  be  a  marked  line  of  demarkation  between  the 
antimony  and  tin.  A  tube  containing  thèse  substances,  when 
treated  in  this  way,  présents  a  very  striking  appearance  with  its 
several  highly  colored  layers. 

(869)  KAN.  UNIV.  QUABm  vol.  IX,  XO.  4,  OCT.  1900.  SKR1E8  ▲, 
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Since  arsenic  acid  and  stannous  saits  react  upon  each  other,  of 
course  thèse  two  can  not  exist  in  the  same  solution. 

The  chemistry  of  this  is  simple.  Arsenic,  in  arsenous  condition, 
has  but  little  tendency  to  form  positive  ions,  and  the  chlorid,  even 
in  as  strongly  acid  solution  as  the  one  used,  is  completely  hydro- 
lized  to  arsenous  acid.  Since  this  is  a  weak  acid  in  the  présence 
of  such  strong  hydrochloric  acid,  it  ivill  exist,  practically  ail,  as 
the  undissociated  acid  HjAsO,.  Hydrogen  sulfid  acts  upon  this, 
the  sulfur  and  oxygen  exchanging  places.  Hydrogen  ions  accel- 
erate  this,  and  the  stronger  the  acid  the  faster  it  goes,  indicating 
that  it  is  the  undissociated  hydrogen  sulfid  acting  upon  the  undis- 
sociated arsenous  acid  and  not  an  action  between  the  ions. 

The  reaction  is  as  follows: 

HsAs03  +  3HjS+H++Cr=H3AsS3+3H,0+H++Cr 
2H3AsS3=As,S3+3H,S. 

The  concentration  of  hydrochloric  acid  being  the  same  on  both 
sides  of  the  équation,  the  arsenous  sulfid  should  be,  and  is,  just  as 
insoluble  in  concentrated  as  in  dilute  hydrochloric  acid. 

Antimony  and  tin  readily  form  positive  ions,  and  the  reaction 
for  the  formation  of  thèse  sulfids  is  between  their  ions  and  the 
sulfur  ions  form  the  hydrogen  sulfid.  Hydrogen  sulfid  is  a  very 
weak  acid  and  breaks  up  into  this 

Hj.S=2H++S= 
C,       Cj       Cj 

and  according  to  the  Mass  Law, 

K=C|C3 

and  hence  if  the  concentration  of  H"*"  be  increased  by  adding 
hydrochloric  acid  or  any  strong  acid  the  concentration  of  sulfur  as 
ion  must  decrease;  and  the  greater  the  concentration  of  the  hydro- 
gen as  ion,  the  less  that  of  sulfur,  and  since  the  product  of  the 
concentration  of  antimony  as  ion  and  sulfur  as  ion  must  reach  a 
certain  value  before  antimony  sulfid  can  be  precipitated,  it  follows 
at  once  that  it  is  only  necessary  to  make  the  solution  highly  acid  in 
order  to  prevent  the  antimony  coming  down  with  the  arsenic. 

The  chlorine  as  ion  from  the  hydrochloric  acid  decreases  the  dis- 
sociation of  the  antimony  chlorid  and  this  also  tends  to  increase  the 
solubility  of  the  antimony  sulfid. 
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For  exactly  the  same  reasons,  the  sulfids  of  tin  may  be  hindered 
from  precipitating  by  making  the  solution  highly  acid.  Hydro- 
chloric  acid  of  the  concentration  indicated  is  sufficiently  strong  to 
entirely  prevent  the  précipitation  of  antimony  or  tin  while  the 
arsenic  is  promptly  thrown.  On  account  of  its  slight  degree  of 
dissociation,  hydrogen  sulfîd  is  practically  as  soluble  in  hydro- 
chloric  acid  as  in  water,  and  therefore  in  diluting  the  solution  with 
water  saturated  with  hydrogen  sulfid,  the  concentration  of  the 
hydrogen  sulfid  can  be  treated  as  a  constant,  and  from  the  équation 

Cj        Cj       C3 

KCj=C|C3  or  since  C,=const. 
Ki=KC^=C|C3 

ît  followsthat  the  concentration  of  the  sulfuras  ion  will  varyinversely 
as  the  square  of  the  concentration  of  the  hydrogen,  and  therefore, 
if  the  solution  be  diluted  one-half,  the  concentration  of  the  sulfur 
as  ion  will  be  nearly  four  times  as  great  as  before.  Since  the 
dissociation  of  the  antimony  chlorid  or  tin  chlorid  increases  very 
rapidly  with  the  dilution  owing  to  the  decrease  in  the  concentra- 
tion of  the  chlorine  as  ion  it  follows  that  a  point  must  be  reached 
when  one  or  both  of  them  will  be  precipitated.  This  point  will  ôf 
course  be  that  at  which  the  product  of  the  concentration  of  the 
antimony  or  tin  as  ion  and  if  the  sulfur  as  ion  bas  reached  the 
précipitation  value. 

That  substances  having  the  smallest  précipitation  value  will 
appear  first  then  that  having  the  next  larger.  The  values  for  the 
sulfids  of  tin  and  antimony  stand  in  this  order, 

Sn  S>Sn  Sg>Sb2  S3. 

Therefore  the  antimony  sulfid  appears  first,  then  the  stannic,  and 
last  the  stannous  sulphid. 

One-tenth  of  a  mil^igram  of  arsenic  is  easily  détecte^  even  in 
the  présence  of  a  gram  of  antimony.  The  limit  for  antimony  and 
tin  is  naturally  somewhat  higher 

If  other  metals  precipitated  by  hydrogen  sulfid  are  présent  they 
are  ail  precipitated  together  and  the  arsenic,  antimony  and  tin 
dissolved  by  yellow  ammonia  sulfid  and  represented  by  dilute 
hydrochloric  acid  and  filtered  o£f   and  redissolved  in  concentrated 
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hydrochloric  acid  with  the  addition  of  KCIO3,  if  necessary,  the 
chlorine  driven  off  by  gentle  heat  and  the  solution  treated  as 
before. 

Since  a  concentrated  solution  of  hydrochloric  acid  becomes 
weaker  on  heating  it  will  be  necessary  to  add  more  acid  before 
passing  in  the  hydrogen  sulfid. 

Of  course  after  this  treatment  everything  will  be  in  the  highest 
oxidized  condition  and  hence  the  original  solution  must  be  tested 
for  their  condition  ther^ 

The  dark  color  of  the  sV^nnous  sulfîd  is  much  more  intense  than 
the  yellow  of  the  stannic,  so  it  is  well  in  many  cases  to  reduce  the 
tin  by  dissolving  a  small  fragment  of  zinc  in  the  solution  before 
passing  in  the  hydrogen  sulfîd. 


Annotated  Catalogue  ot  the  Crayfishes  of 

Kansas. 


BY    J.    ARTHUR    HARRIS. 


In  1886  Dr.  Walter  Faxon  published  a  **PreHniînary  catalogue 
of  the  crayfishes  of  Kansas."^  Since  our  knowledgeof  the  Kansas 
forms  is  somewhat  more  extensive  at  présent,  and  there  is  some 
later  literature,  as  well  as  for  the  convenience  of  those  who  désire 
to  study  the  distribution  of  this  group  of  crustaceans  in  our  state, 
it  has  been  deemed  advisable  to  bring  this  catalogue  up  to  date. 

To  a  certain  extent  I  hâve  followed  the  form  of  Dr.  Faxon's  cat- 
alogue, but  hâve  made  some  changes  which  I  believe  will  increase 
its  convenience  and  value. 

In  referring  to  the  literature,  wherever  a  species  is  described  in 
a  paper,  the  name  under  which  it  is  described  is  given.  When  no 
spécifie  name  is  given  in  the  référence  to  the  paper,  it  is  to  be  un- 
derstood  that  the  paper  deals  with  other  than  the  description  of 
the  species.  In  most  cases  the  nature  of  the  paper  is  indicated. 
In  giving  the  localities  the  name  of  the  collector  is  given  and  after 
this,  in  parenthesis,  the  paper  in  which  the  species  was  reported. 
When  this  is  not  given  it  is  understood,  of  course,  that  it  is  hère 
reported  for  the  first  time.  When  no  collector  is  named  the  matc- 
rial  was  collected  by  the  writer.  In  quoting  the  literature,  if  the 
Bibliography  number  is  followed  by  no  désignation  as  to  what 
form  is  described,  it  is  understood  that  the  description  covers  the 
first-  and  second-form  maie  and  the  female.  In  case  the  descrip- 
tion does  not  cover  thèse  forms  those  described  are  given. 

While  mistakes  will  probably  be  found  in  citations  of  literature, 
the  writer  has  made  an  earnest  effort  to  give  crédit  just  where  it 
belongs,  and  to  place  at  the  disposai  of  anyone  who  may  wish  to 
work  on  Kansas  crustaceans  as  complète  an  index  to  the  literature 
of  this  genus  as  possible. 
1  Bail.  Washb.  Ooll.  Lab.  Nat.  Hlst..  vol.  1,  p.  140. 1885. 

C203)  KAN.  vmy.  qurt.,  vol.  ix,  ko.  4,  ocr.,  1900,  séries  a. 
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1.  Oambarus  simulane  Faxon. 
C  simulans,  Faxon,  '84. 

C.  simulanSy  Faxon,  '85,  with  fig.  of  maie,  F.  I,  and  abd.  app.  of 
maie,  F.  I  and  II. 

1.  Tributary  of  Medicine  river,  Barber  county  (coll.  Washb. 
Coll.),  Messrs.  Williams  and  Craigin,  coll.  (Faxon,  '85,  b.). 

2.  Fort  Hays,  Ellis  county  (coll.  Mus.  Comp.  Zooi.)  (Faxon, 
'85.  b.). 

2.  Oambarus  ffallinas  Cockerell  and  Porter. 
C.  gallinas,  Cockerell  and  Porter,  1900. 

The  material  noted  below  I  assign  only  provisionally  to  this 
species.  The  spécimens  were  coliected  during  the  summer  of 
1900,  and  placed  in  my  hands.  A  full  description  was  prepared 
and  was  in  the  publisher*s  hands  when  my  attention  was  called  to 
the  paper  by  Cockerell  and  Porter.  My  material  seems  to  agrée 
quite  well  with  that  of  Cockerell,  but  I  wish  to  compare  spécimens 
of  C  simu/ans  Faxon  as  well  as  the  material  from  New  Mexico, 
which  Professor  Cockerell  bas  been  so  kind  as  to  présent  to  the 
collection  of  the  University  of  Kansas,  before  I  assign  this  material 
finally  to  a  species. 

1.  A  slough,  near  Halstead,  Harvey  county,  Kansas,  (coll.  U. 
of  K.)  W.  J.  Baumgartner,  coll. 

2.  A  small  branch  of  the  Chikaskia  river,  six  miles  northwest 
of  Caldwell,  Sumner  county,  (coll.  U.  of  K.)  T.  J.  Kinnear,  coll. 

In  July,  1900,  Mr.  Baumgartner  took  a  part  of  the  material  in  a 
slough,  which  connected  in  wet  weather  with  a  creek  not  a  mile 
away.  The  water  was  running  more  than  usual  on  account  of  a 
récent  rain.  No  burrows  were  observed  at  this  time.  About 
November  10  he  again  visited  the  locality  and  secured  more 
material.  This  time  the  animais  were  found  in  burrows.  One  of 
thèse,  about  one  foot  deep,  had  ils  mouth  below  the  surface  of  the 
water.  The.others  were  along  the  bank  close  to  the  water's  edge. 
**Chimneys"  were  not  very  conspicuous.  The  burrows  themselves, 
so  far  as  noticed,  were  unbranched,  about  three  inches  in  diameter 
and  extending  almost  straight  down  for  a  distance  not  over  one  and 
onehalf  feet.     One  animal  was  found  in  each  burrow. 

Mr.  Kinnear's  material— two  small  spécimens,  each  slightly  over 
an  inch  in  length — was  taken  in  a  little  running  stream. 

8.    Oambarus  ffracilis  Bundy. 

C  gracilis,  Bundy,  '76,  maie  F.  I  and  female. 
C.  gracilisy  Bundy,  '70,  maie  F.  I  and  female. 
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C  gracilisj  Bundy,  *82,  maie  F.  I  and  female. 

C.  gracHis^  Faxon,  '85,  maie  F.  I  and  female,  with  figs.  of  first 
abd.  app.  of  maie  F.  I. 

C  gracilis^  Hay  '96,  maie  F.  I  and  female,  with  sketch  of 
carapace,  lamina,  annulus  ventralis  and  abd.  app.  of  maie  F.  I. 

1.  Labette  county,  W.  S.  Newlon,  coll.  (Faxon  '85  b). 

2.  Douglas  county.  Stagnant  ponds  in  early  spring  and  bur- 
rows  later  in  the  summer. 

Being  a  burrower,  C,  gracilis  is  one  of  the  species  which  is  hard 
to  obtain,  especially  the  maies,  and  this  probably  accounts  for  the 
meager  reports  of  its  distribution.  Mr.  H.  Garman  says>  that  he 
has  examined  hundreds  of  spécimens  taken  along  water  courses  in 
the  neighborhood  of  Normal,  Illinois,  and  has  not  found  a  dozen 
maies.  Hay  '95  says:  **It  is  a  burrower,  coming  forth  probably 
only  during  the  breeding  season  in  the  early  spring  when  it  inhab- 
îts  the  water  courses."  I  hâve  found  this  species  very  plentiful 
near  Lawrence  in  stagnant  ponds  in  early  spring,  but  I  hâve  never 
known  of  its  being  taken  in  running  creeks.  In  one  pond  which  I 
watched  carefully,  the  females  appeared  March  13,  1900.  The 
maies  did  not  appear  until  April  15,  when  in  company  with  some 
some  other  coUectors  I  secured  one.  Some  days  later  Professor 
McClung  and  Mr.  Baumgartner  took  another  at  the  top  of  its  bur- 
row  in  a  pasture  not  far  from  the  pond  mentioned  above. 

I  hâve  not  succeeded  in  determining  the  date  of  copulation  or 
laying  of  eggs.  The  eggs  in  the  o varies  of  females  taken  in  the 
spring  were  by  no  means  fully  developed.  I  hâve  found  some 
females  carrying  young  in  the  early  spring. 

In  Âugust  Mr.  Martin  and  myself  took  two  maies  and  one  fe. 
maie  from  the  mouth  of  their  burrows.  Thèse  burrows  were  in  a 
yard  some  distance  from  a  running  stream  but  where  the  ground 
was  inclined  to  be  somewhat  wet  in  rainy  weather.  They  came 
up  at  night  and  sat  at  the  mouth  of  their  burrows,  probably  watch- 
ing  for  prey,  and  dropping  back  in  at  any  sign  of  danger.  The 
animal  does  not  seem  to  be  entirely  nocturnal  in  its  habits  and  is 
not  unfrequently  found  at  the  top  of  its  burrow  in  the  daytime, 

The  low  lands  in  which  thèse  crayfishes  live  are  not  unfrequently 
flooded  at  times  of  great  rainfall.  In  this  case  the  animais  émerge 
from  their  burrows  and  upon  the  subsidence  of  the  of  the  water 
may  be  fonnd  wandering  around  over  the  surface  of  the  ground. 

The  females  which  I  hâve  examined  of  this  species  are  olivç 
1  Faxon  '86,  p.  58. 
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green,  the  maies  almost  a  salmon  red.  I  hâve  been  told  by  people 
from  various  parts  of  the  state  of  the  numbers  of  red  crayfish  which 
they  hâve  seen  after  a  heavy  washing  rain,  and  since,  so  far  as  I 
know,  this  is  the  only  very  red  species  we  hâve  in  this  région,  I 
believe  that  careful  collecting  will  show  this  to  be  one  of  our  most 
widely  distributed  species. 

Individuals  of  this  species  must  exuviate  in  their  burrows.  I 
bave  watched  very  carefully  the  ponds  in  which  the  females  are 
found  in  early  spring  but  hâve  never  found  a  spécimen  which  was 
at  ail  soft  from  exuviation.  As  noted  above,  in  the  spring  females 
are  occasionally  found  in  thèse  ponds  with  a  few  young  which  are 
old  enough,  or  nearly  old  enough,  to  leave  the  parent.  This 
makes  it  seem  altogether  probable  that  those  females  without 
young  hâve  lost  them  before  or  immediately  upon  taking  to  the 
open  water.  In  C  immunis  Hagen,  the  females  exuviate  in  the 
spring  as  soon  as  the  young  abandon  them,  but  this  would  seem  to 
indicate  that  such  is  not  the  case  with  C  gracilis. 

In  the  fall  of  1900  there  were  many  young  crayfishes,  which 
seemed  to  be  C  gracilis,  in  the  ponds  from  about  October  20 
to  November  20.  They  appeared  in  great  numbers  at  about 
the  same  time  as  C,  immunis  disappeared.  I  also  noticed  young 
of  this  species  early  in  the  spring  of  1900.  So  it  appears  that 
young  and  adult  C,  gracilis  appear  in  the  ponds  early  in  the  spring, 
and  that  the  young  again  appear  late  in  the  fall,  after  other  species 
hâve  gone  to  their  burrows. 

Thèse  young  crayfish  which  were  from  three-fourths  to  seven- 
eights  of  an  inch  in  length  when  they  disappeared  in  November, 
1900,  appeared  again  about  the  first  of  March,  1901.  They  were 
then  taken  in  great  numbers.  A  few  days  later  the  ponds  froze 
over  but  the  animais  were  still  to  be  found,  apparently  as  plenti- 
fully  as  ever,  under  a  layer  of  ice  about  one  inch  thick.  This 
-spring  the  old  animais  did  not  appear  until  after  the  young.  The 
young  grew  rapidly  and  by  the  first  of  May  had  attained  a  length  of 
from  one  to  nearly  one  and  a  half  inches.  Many  smaller  animais 
about  five-eights  of  an  inch  in  length  are  now — May  9, — found 
in  the  ponds  and  ditches.  Thèse  are  probably  the  young  of  C 
gracilis  which  were  still  carried  by  the  female  as  late  as  March  27. 

I  might  add  that  as  compared  with  some  other  species,  C- 
immuniSy  for  instance,  the  per  centage  of  mutilation  in  this  species 
is  very  small.  It  is  very  seldom  that  one  finds  an  individual  with 
one  of  the  great  claws  wanting  or  showing  any  indication  of  having 
been  regenerated. 
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4.    Oaxnbarus  dlo^enes  Girard. 

C,  diogenes,  Girard,  '54,  with  notes  on  burrowing  habits. 

C  obesus,  Hagen,  '70,  with  fig.  of  maie,  F.  I,  abd.  app.  of  maie, 
F.  I  and  II,  lamina,  epistonia,  and  <<spina  externa." 

C.  diogenes  var.  ludovicianus,  Faxon,  '84. 

C  diogenes,  Hay,  '96,  with  sketches  of  carapace,  lamina,  annulas 
ventralis  and  abd.  app.  of  maie,  F.  I.  and  II. 

Notes  on  variation,  habits,  etc.,  Faxon,  %^, 

Burrows  of  C  diogenes,  Tarr,  '84. 

Burrows  of  C.  diogenes,  Abbott,  '84. 

1.  Leavenworth,  Leavenworth  county  (coll.  Mus.  Comp.  Zool.), 
(Faxon,  '85  b). 

2.  Lawrence,  Douglas  county  (coll.  U.  of  K.),  L.  A.  Adams, 
coll. 

C.  diogenes  has  been  reported  f rom  only  the  two  adjoining  counties, 
Douglas  and  Leavenworth.     Probably  the  reasons  for  the  meager 
ness  of  the  reports  of  the  occurrence  of  this  species  and  C,  gracilis 
are  the  same,  both   being  burrowing  species.     I   am   inclined  to 
think,  however,  that  C,  diogenes  is  not  abundant  in  Douglas  county. 

Hay,  '96  reports  this  species  as  laying  their  eggs  from  April  18 
to  30.  According  to  him  the  early  spring  when  they  come  forth 
to  breed  and  lay  their  eggs  is  the  only  time  they  are  a  noticeable 
member  of  the  fresh  water  fauna.  Hay's  observations  were,  of 
course,  made  in  Indiana  but  would  probably  hold  good  for  Kansas 
as  well. 

May  3,  1901,  M.  W.  Blackman  and  M.  Truehart  secured  a  female 
of  C  diogenes,  The  swimmerets  were  loaded  with  eggs  in  a  not 
very  late  stage  of  development.  I  examined  the  same  ditch  four 
days  later.  There  were  many  burrows  in  the  bank  but  no  adult 
individuals  were  taken.  This  would  seem  to  indicate  that  the  eggs 
passed  through  the  most  of  the  stages  of  their  development  while 
the  animais  are  in  the  burrows,  as  is  certainly  the  case  with  C. 
gracilis,  The  females  of  C  immunis  must  also  pass  the  winter  with 
their  eggs  in  the  burrow,  but  come  out  early  in  the  spring  to  com- 
plète the  process  of  hatching.  C  gracilis  probably  lays  its  eggs 
while  in  the  burrow  and  when  the  ponds  dry  up  early  in  the  fall. 
C.  immunis  perhaps  does  also. 

C,  diogenes  is  one  of  our  large  species,  the  spécimen  from  Doug- 
las county  being  nearly  iio  mm.  in  length. 

C  diogenes  will  probably  prove  to  be  one  of  the  widely  distributed 
species.  I  have^aterial  from  near  Boulder,  Colorado,  kindly  sent 
me  by  Professor  Ramaley  of  the  University  of  Colorado.     C.  dioge- 
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nés  is  the  only  crayfish  yet  reported  from  Colorado.  In  a  letter  o£ 
October  12,  1900,  he  says:  **We  find  crayfish  hère  in  ditches 
and  ponds  much  as  in  other  localities,  but  as  most  of  the  ditches 
are  dry  part  of  the  year  the  animais  are  not  abundant.  Our  streams 
are  mostly  swift  running  and  crayfish  are  seldom  found  in  them. 
I  hâve  not  noticed  the  animal  at  high  altitudes  but  they  may  occur 
there,  doubtless  up  to  8000  feet  at  any  rate." 

6.    OambaruB  ixnmiinls  Hagen. 

C,  immunis^  Hagen,  '70,  maie,  F.  I,  and  female.  with  figs.  of 
chela,  epistoma,  lamina,  ^'spina.externa,"  and  abd.  app.  of  maie, 
F.  I. 

C.  signifer,  Herrick,  '81,  with  fig.  of  rostrum,  lamina,  and  abd. 
app.  of  maie,  F.  I  and  II. 

C.  immunis^  Forbes,  '76,  maie,  F.  I  and  young. 

Notes  on  variation  and  literature,  Faxon,  '85. 

C  immunisy  Hay,  '96,  with  sketch  of  carapace,  lamina,  annulus 
ventralis,  and  abd.  app.  of  maie,  F.  I  and  II.  Âlso  Notes  on 
Habits. 

Habits,  Harris,  '01. 

1.  Leavenworth,  (coll.  Âcad.  Nat.  Sci.,  Phila.)  (Faxon,  '85). 

2.  Ellis,  coll.  G.  H.  Gilbert  (Faxon,  '85). 

3.  Douglas  county,  in  stagnant  ponds  (coll.  U.  of  K.). 

C,  immunis  is  to  be  looked  for  in  shallow,  stagnant  ponds  and 
roadside  ditches  where  it  is  often  found  in  immense  numbers. 
Upon  the  drying  up  of  the  ponds  the  animais  retire  to  burrows 
along  the  edge.  For  a  more  complète  discussion  of  the  habits  of 
this  species  see  Harris,  '01. 

6a.    Oambarus  ixnmunia  Hagen.  var.  episirostris  Faxon. 

C,  immunis  y  var.  spinirostris  Faxon,  '85,  maie,  F,  II  and  female, 
with  fig.  of  céphalothorax  of  maie,  F.  I. 

C  immunis  var.  spinirostris^  Faxon,  '85  b,  maie  F.  I. 

C  immunis  var.  spinirostris,  Hay,  '98,  with  sketch  of  carapace. 

1.  Ward's  Creek,  Shawnee  county  (coll.  Washb.  Coll.),  F.  W. 
Cragin  and  J.  B.  Fields,  coll.  (Faxon,  '85  b). 

2.  Stagnant  ponds,  Douglas  county  (coll.  U.  of  K.). 

6.    Oambarus  naia  Faxon. 

C.  nais^  Faxon,  '85,  b. 
C.  nais,  Faxon,  '90. 

I.  Labette  county  (coll.  Washb.  Coll.),  W.  S.'  Newlon,  coll. 
(Faxon,  '85  b). 
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2.  A  small  branch  of  Coal  creek,  Montgomery  county  (coll.  U. 
of  K.),  L.  M.  Peace,  coll. 

The  branch  of  Coal  creek  in  which  Mr.  Peace  collected  this 
material  is  fed  by  many  springs  ail  along  its  course.  It  winds 
between  rocky  hills  and  bas  in  many  places  a  smooth  stone  bottom. 
It  is  very  stony,  the  stone  being  sandstone.  The  depth  varies, 
being  in  some  places  eight  or  ten  feet  deep  açid  at  a  short  distancé 
away  only  a  few  inches.  It  sometimes  goes  dry  in  places,  owing, 
probably,  to  the  failure  of  some  of  the  many  springs  which  feed  it. 

7.    Oambarus  virilia  Hagen 

C  viriliSy  Hagen,  '70,  with  fig.  of  maie,  F.  I,  hand  of  var.  A, 
maie,  abd.  app.  of  maie,  F.  I  and  II  and  variety,  lamina,  epistoma, 
"spina  externa." 

C  debiliSy  Bundy,  '76,  maie,  F.  IL 

C.  debiliSy  Bundy,  '82,  maie,  F.  IL 

C.  debiliSy  Bundy,  '83,  maie,  F.  IL 

C  couesiy  Streets,  '77,  (Forms?). 

Note,  Bundy,  '77. 

C.  viriiis,  Bundy,  '83,  (Forms?). 

C.  virilis,  lîay,  '96,  with  sketches  of  carapace,  lamina,  annulus 
ventralis  and  appendages  of  maie,  F.  I  and  IL 

Note  on  the  color  of  the  living  C.  virilis,  Streets,  '77. 

Notes  on  occurrence  of  first-  and  second-form  maies,  Herrick,  '81. 

Notes  on  variation,  etc.,  Faxon,  '85. 

1.  Tributary  of  Kansas  river,  Shawnee  county  (coll.  Washb. 
Coll.),  F.  W.  Craigiu,  coll.  (Faxon,  '85,  b.). 

2.  Wards  creek,  Shawnee  county  (coll.  Washb.  Coll.),  J.  B. 
Fields  and  F.  W.  Craigin,  coll.  (Faxon,  '75,  b.). 

3.  Wabaunsee  county  (coll.  Washb.  Coll.),  J.  B.  Fields,  coll. 
(Faxon,  '85,  b.). 

4.  Garden  City,  Finney  county  (coll.  Washb.  Coll.),  F.  W. 
Craigin,  coll.  (Faxon,  '85,  b.). 

5.  Leavenworth,  Leavenworth  county  (coll.  Acad.  Nat.  Sci. 
Phila.),  (Faxon,  '85,  b.). 

6.  Manhattan,  Riley  county  (coll.  Acad.  Nat.  Sci.  Phila.), 
(Faxon,  '85,  b.). 

7.  Republican  river,  northwest  of  Fort  Riley  (coll.  Acad.  Nat. 
Sci.  Philâ.),  (Faxon,  '85,  b.). 

8.  Ellis,  (coll.  Peabody  Acad.  Sci.  Salem,;  Dr.  L.  Watson, 
coll.  (Faxon,  '85,  b.). 

9.  Sappa  creek,  Oberlin,  Decatur  county  (Faxon,  '90). 
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10.  Osage  river,  LaCygne,  Lynn  county  (Faxoa,  '90). 

11.  Topeka,  Shawnee  county  (Faxon,  '90). 

12.  Spring  at  head  of  Medicine  Lodge  river,  Kiowa  county 
(coll.  Washb.  Coll.). 

13.  Stagnant  ponds,  Douglas  county  (coll.  U.  of  K.). 

14.  Rock  creek,  Douglas  county  (coll.  U.  of  K.),  C.  D.  Bunker, 
coll. 

15.  Washington  creek,  Douglas  county  (coll.  U.  of  K.). 

16.  Coon  creek,  Douglas  county. 

17.  Wild  Horse  creek,  Jefferson  county  (coll.  U.  of  K.). 

18.  Dickinson  county  (coll.  U.  of  K.),  Walter  Meek,  coll. 

19.  Â  small  branch  of  Chikaskia  river,  six  miles  northwest  of 
Caldwell,  Sumner  county  (coll.  U.  of  K.),  T.  J.  Kinnear,  coll. 

20.  Small  stream  near  Egerton,  Wyandotte  county  (coll.  U.  of 
K.),  Miss  Metta  Haines,  coll. 

21.  Labette  creek,  within  city  limits  of  Parsons,  Labette  county 
(coll.  U.  of  K.),  R.  B.  Brewster,  coll. 

22.  It  might  not  be  out  of  place  to  add  that  I  bave  seen  material 
collected  in  Kansas  City,  Missouri. 

C.  virilis  is  found  principally  in  running  streams,  although  it  is 
frequently  taken  in  the  same  locations  as  C.  immunis.  While  I 
hâve  never  taken  C.  virilis  from  burrows,  I  hâve  no  doubt  that  the 
great  numbers  of  burrows  which  we  see  running  back  into  the  banks 
of  the  creeks  just  a  little  below  the  water-line  belong  to  C  virilis. 
When  living  in  the  same  sort  of  location  as  C.  immunis  it  doubtless 
burrows  in  the  same  manner.  A  spécimen  from  Kansas  City,  Mo., 
handed  me  for  study  by  Mr.  R.  E.  Scammon,  was  found  by  labor- 
ers  nine  feet  under  ground  and  over  one  hundred  feet  from  water. 

C.  virilis  seems  to  prefer  rocky  rather  than  muddy  places.  May 
5,  1900,  I  collected  this  species  in  Wild  Horse  creek,  Jefierson 
county.  At  the  rocky  'rifHes'  the  crayfîsh  were  taken  in  abund- 
ance,  but,  perhaps,  150  yards  above,  where  the  bottom  was  com- 
posed  of  soft,  deep  mud  I  did  not  secure  a  single  spécimen.  I 
hâve  noticed  the  same  thing  in  Coon  creek,  Douglas  county,  and 
my  friend,  Mr.  C.  D.  Bunker,  tells  me  that  in  Rock  creek,  Douglas 
county,  he  has  noticed  that  the  animais  are  to  be  found  only  in  the 
rocky  places. 

I  cannot  say  whether  it  is  a  dislike  on  the  part  of  the  animal  for 
the  mud  which  causes  it  to  sélect  the  rocky  parts  of  the  stream,  or 
whether  it  fînds  among  the  rocks  more  ready  protection  from  its 
enemies.  So  far  as  I  hâve  been  able  to  observe,  food  would  be 
just  as  plentiful,  if  not  more  so,   in  the  slower-running,  muddy 
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parts  of  the  stream  than  at  the  rocky  'riffles.'  C.  virilis  can,  and 
does,  live  in  muddy  places.  As  mentioned  above,  it  is  sometimes 
found  in  muddy  ponds  and  roadside  ditches  with  C  immunts,  and 
I  hâve  taken  a  great  many  from  Washington  creek,  Douglas  county, 
where  the  mud  is  as  soft  and  deep  as  in  either  of  the  creeks  men- 
tioned above. 

In  the  winter  C.  virilis  may  be  found  under  flat  stones  in  the 
rocky  creeks,  even  when  the  water  is  covered  with  ice.  When 
taken  from  the  water  they  are  so  numb  as  to  be  almost  incapable 
of  movement,  but  liven  up  when  held  in  the  hand  for  a  short  time 
and  are  as  active  as  ever  after  a  few  hours  in  the  laboratory. 

The  eggs  are  laid  in  the  spring,  noneA)eing  found  on  the  females 
collected  during  the  winter.  The  ovarian  eggs  of  spécimens  taken 
in  January  seem  to  be  fully  developed,  so  far  as  may  be  seen  from 
examination  with  the  naked  eye. 

C,  virilis  seems  to  be  the  most  widely  distributed  species  in  our 
State,  being  reported  from  fifteen  différent  counties. 

8.    Cambarus  rusticus  Girard. 

C  rusticus,  Girard,  '52. 

C  rusticuSy  Hagen,  '70.  Descriptive  notes,  with  figs.  of  abd. 
app.  of  maie,  F.  I  and  II,  lamina,  epistoma  and  ''spina  externa." 

C.  placidus,  Hagen,  '70,  with  figs.  of  abd.  app.  of  maie,  F.  I  and 
II,  lamina,  epistoma  and  "spina  externa." 

C,  Juvenalis,  Hagen,  '70,  with  figs.  of  abd.  app.  of  maie,  F.  I  and 
II,  lamina,  epistoma,  and  '<spina  externa." 

C  wisconsiensis,  Forbes  and  Bundy,  '76,  maie. 

C  wisconsiensis,  Bundy,  ^82,  Form  ?). 

C.  wisconsiensis^  Bundy,  '83  (Form  ?). 

C,  rusticus,  Faxon,  '84,  note. 

C  rusticus,  Faxon,  85,  with  figs.  of  abd.  app.  of  maie,  F.  I  and 
II. 

C,  rusticus,  Hay,  '96.  wîth  sktches  of  carapace,  lamina,  annuhis 
and  first  abd.  app.  of  maie,  F.  I  and  II. 

I.  Osage  river,  La  Cygne,  Linn  county  (Mus.  Comp.  Zool.), 
(Faxon,  '90). 

0.    Oambarus  rilopus  Hay. 

C.  pilosus,  Hay,  '99,  maie,  F.  II,  with  sketch  of  carapace,  lamina, 
nnd  abd.  app. 

I.     Beloit,  Mitchell  county  (coll.  U.  S.  Nat.  Mus.),  (Hay,  '99). 
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2.  I  refer  to  this  species  with  a  little  hésitation,  material  col- 
lectée! in  Russell  county  (coll.  U.  of  K.),  W.  S.  Sutton,  coll. 

Mr.  W.  S.  Sutton,  of  the  Department  of  Zoôlogy,  Universîty  of 
Kansas,  who  collected  the  above  material,  kindly  furnished  me 
with  some  observations  on  their  habits.  He  found  them  July  14, 
burrowing  under  tussocks  of  grass  on  the  edge  of  a  small  stream 
in  Russell  county,  Kansas.  A  first-form  maie  and  a  female  were 
usually  found  in  each  burrow,  both  taking  part  in  the  work  of 
excavation.  The  whole  burrow  was  under  water,  running  back  at 
first  horizontally,  then  sometimes  downward  at  varions  angles.  The 
burrows  examined  ranged  from  fifteen  to  twenty-five  inçhes  in  length 
and  were  somewhat  enl^rged  and  sometimes  branched  at  the  end. 

In  burrowing,  the  mass  of  mud  was  pushed  out  in  front  of  the 
animal,  being  held  between  the  anterior  end  of  the  animal  and  the 
chelae,  which  were  held  with  the  inner  magins  close  together, 
while  the  meros  was  held  well  up  and  close  to  the  body,  thus 
forming  a  sort  of  prismatic  or  pyramidal  shaped  space  between  the 
chelae  and  the  anterior  end  of  the  thorax.  Mr.  Sutton  is  fîrmly 
convinced  that  the  mass  of  mud  was  held  between  the  chelae  and 
the  body  to  prevent  the  mass  from  going  to  pièces  while  being 
moved  along  in  the  water,  since  when  a  stone  was  to  be  removed 
it  was  simply  pushed  along  in  front  of  the  chelae. 

As  was  stated  above  the  whole  burrow  was  made  under  water, 
and  no  attempt  was  made  to  construct  anything  like  a  'chimney' 
out  of  the  mud  removed.  This  was  simply  pushed  out  of  the 
mouth  of  the  burrow  thus  forming  a  *dump*  such  as  is  frequently 
seen  at  the  mouth  of  hillside  coal  mines.  The  crayfishes  which 
build  regular  chimneys  usually  burrow  at  night,  but  thèse  spéci- 
mens were  actively  at  work  at  noon,  when  they  were  taken. 
10.    Cambarus  nefirleotus  Faxon. 

C,  negiectus,  Faxon,  ^85  b. 

C  neglectus,  Faxon,  '90. 

I.  Mill  creek,  Wabaunsee  county  (coll.  Washb.  Coll.),  F.  W. 
Craigin  and  J.  B.  Fields,  coll.  (Faxon,  '85,  b). 

2  Republican  river,  near  Guy,  Cheyenne  county  (coll.  Mus. 
Comp.  Zool.),  (Faxon,  '90). 

3.  Sappa  creek,  Oberlin,  Decatur  county  (coll.  Mus.  Comp. 
Zool.),  (Faxon,  '90). 

This  is  so  far  the  only  species  with  a  carinated  rostrum  re- 
ported  from  our  state  and  for  this  reason  it  will  be  ail  the  more 
easily  recognized.  It  has  been  collected  from  varions  localities  in 
Arkansas,  Missouri  and  Texas  by  S.  £.  Meek  (see  Faxon,  '98), 
and  a  détermination  of  its  distribution  in  our  state  is  désirable. 
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Vi^.  -2.    Suspectecl  SnmpU»  -\  75. 
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PLATE  XLVII 


Fijf.  3.    Arsenic  from  whisky  X  75. 
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Fijç.  4.    Arsenic  from  multed  milk  X  7.'». 
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PLATE  XLVIIL 


FIjr.  5.    Arsenic  froni  clieiiiicul  laboratopy  X  75.    Mostly  iTystullIno  particules. 


Flg.  <5.     Arsenic  frorn  pliarmacy  lahoratory  X  75.    Mostly  amorphous  partli^les. 
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Permian  Plants-Taeniopteris  of  the  Permian 

of  Kansas/ 


Contribution  from  the  Paleontological  Laboratory  No.  58. 


BY    £.    H.     SELLARDS. 


Wlth  Plates-I,  II.  III  and  IV. 
The  fern  genus,  Taeniopteris  Brongniart,  is  well  représentée!  in 
number  of  individuals,  in  the  Kansas  Permian  Flora,  on  which  the 
author  is  working,  and  présents  aside  from  the  présence  of  at  least 
two  species  and  one  variety,  some  interesting  features.  The 
rachises  of  several  of  the  ferns  bear  elliptical  scars,  which,  as  I  will 
attempt  to  show,  are  very  similar  to,  if  not  identical  with  the  scars 
on  Macrotaeniopteris  magnifolia  (Rogers)  Schimper  from  the  Rich- 
mond  coal  fields  of  Virginia,  Jurassic,  regarded  by  some  authors 
as  scars  marking  the  position  of  the  sori  of  the  genus.  The  second 
character  of  especial  interest  is  the  présence  between  the  veins  of 
small,  oval  résistent  bodies,  sporangia  (?),  fungi,  or  possibly 
iaterneural  glands.  The  plants  described  corne  from  three  miles 
south  and  one-half  miles  east  of  Banner  City,  Dickinson  county, 
Kansas;  a  few  also  from  the  same  horizon  three  miles  south  of 
Carlton,  Kansas.  They  were  collected  in  part  by  Mr.  Charles 
Sterling  of  the  University,  and  in  part  by  the  author.  The  forma- 
tion is  probably  the  Marion  of  Prosser.  The  plant  horizon  is 
within  a  few  feet  vertically  of  the  plant-bearing  Cretaceous  strata. 
The  photographs  and  drawings  were  made  by  the  author,  except 
figure  7,  plate  i,  made  by  Mr.  Sidney  Prentîce. 


1  Published  by  permission  of  the  paleontologist  of  the  Univ^erslty  Geologlcal  Survey 
of  Kansas. 
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2  KANS/-S     UNIVERSITY    QUARTERLY. 

The  author  is  very^much  indebted  to  Dr.  David  White,  curator 
of  the  Palaeozoic  plant  collections  of  the  United  States  National 
Muséum,  not  only  for  the  kindest  advice  and  suggestions,  but  for 
the  favors  of  access  to  the  collections  in  his  charge,  and  assistance 
in  finding  the  plants  of  most  interest  in  their  relation  to  the  Kansas 
forms. 

Systematic  Description. 

TAENIOPTERIS. 

Brongniart.     Prodrome,  p.  6i,  1828 
Taenlopteris  ooriacea  Goep.    Plate  I,  Figs.  6,    8-12;   Plate  II;  Plate  III. 
Figs.  I,  2;  Plate  IV,  Figs.  i,  3. 
7'aeniopteris  coriacca  Goeppert.     Flora  der  Permischen  Formation,    p.  130, 
Plate  VIII,  Fig.  4;  Plate  IX,  Fig,  2,  1865-1866. 

Fronds  simple  (?),  linear  or  very  narrovvly  elliptical,  côriaceous 
in  texture,  broadest  in  the  middle,  tapering  to  a  symmetrical 
lanceolate  apex,  and  a  petiolate  base,  8  to  20  cm.  long,  average 
width  at  the  middle,  10  to  20  mm.;  rachis  strong  at  the  base, 
rough  with  rather  strong,  longitudinal  striae,  about  3  mm.  wide, 
reduced  gradually  in  passing  to  the  apex  where  it  becomes  a  mère 
line;  fronds  slightly  rolled  atthe  borders;  latéral  veins  numerous, 
strong,  straight  and  parallel,  cross  the  lamina  obliquely,  with  a 
slight  but  distinct  upward  curve  at  the  border,  28  to  32  per  centi- 
meter;  veins  near  the  base  of  the  frond  leave  the  rachis  with  a 
short  curve,  often  forked  once  near  their  base;  those  at  the  middle 
of  the  frond  orily  slightly  curved  at  their  union  with  the  rachis, 
seldom  forked;  those  near  the  apex  not  at  ail  curved  at  their  base, 
always  simple,  straight,  or  even  arched  upwards  slightly  in  cross- 
ing  the  lamina;  oval  bodies,  sporangia  (?)  on  several  of  the  fronds, 
situated  between  the  veins,  half  immersed  in  the  epidermis  of  the 
frond,  j4  to  ^/^  mm.  apart,  six  or  seven  between  each  two  veins; 
elliptical  élévations,  or  corresponding  dépressions  occur  on  or  near 
the  rachis  of  several  spécimens. 

The  species  is  a  common  one,  and  is  represented  by  many  good 
spécimens.  By  reason  of  the  thick  résistant  texture,  the  frond  is 
usually  well  preserved,  and  forms  a  natural  line  of  cleavage  in  the 
matrix,  which  often  breaks  so  as  to  expose  its  entire  length.  The 
individual  spécimens  vary  a  good  deal  in  size,  but  can  usually 
be  readily  recognized  by  their  straight,  oblique,  strong  nerves, 
résistant  texture,  and  lanceolate  apex. 

The  agreement  with  Goeppert's  types  is  not  entirely  complète, 
but  essentially  so.     Goeppert's  figures  do  not  show  a  rolled  border. 
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nor  does  he  mention  such  a  charactér  in  his  description;  but  this 
character  is  not  always  évident,  and  possibly  not  alwaj^s  présent. 

I  hâve  considered  the  frond  as  probably  simple,  as  there  are  no 
indications  of  a  pinnate  character,  and  it  has  the  same  shape  as 
other  Taenioptorids  viiùi  supposedly  simples  fronds.  The  peculiari- 
ties  of  venation  noted  in  the  above  diagnosis — veins  near  the  base 
of  the  frond  more  curved  at  their  union  with  the  rachis,  often 
forked,  while  those  at  the  apex  are  only  slightly  curved,  seldom 
forked, — are  seen  also  in  the  figures  of  the  European  spécimens. 
The  texture  and  shape  of  the  fronds  also  agrée.  The  fact  that 
the  oval  bodies  between  the  veins  hâve  not  been  previously  ob- 
served  may  be  due  tô  the  rarity  of  the  species  and  the  few  spéci- 
mens heretofore  obtained.  The  scars  on  or  near  the  rachis, 
whether  the  resuit  of  fungi  or  of  insect  stings  may  hâve  been  absent 
on  the  European  spécimens. 

The  slightly  thickened  and  rolled  border  of  this  species  might 
be  taken  to  indicate  the  présence  of  a  border  vein — a  supposition 
to  which  the  upward  curve  of  the  veins  at  the  border  adds  strength. 
But  if  such  a  character  belongs  to  the  species,  it  is  not  sufficiently 
preserved  on  any  of  the  spécimens  at  hand  to  be  recognizable. 
Such  a  character,  if  it  exists,  would  bring  the  species  into  compari- 
son  with  the  Mesozoic  genus  Oîeandridium^  some  species  of  which 
it  otherwise  closely  resembles. 

The  species  seems  to  hâve  been  found  as  yet  in  only  two  other 
localities,  both  Permian,  Ottendorf  in  Bohemia,  and  Lissitz  in 
Moravia,  both  recorded  by  Goeppert,  1.  c.  The  spécimens  known 
of  the  species  heretofore  hâve  ail  been  somewhat  fragmentary. 

Taeniopteris  ooriac6a  var.  Unearis  n.  var.    Plate  III.  Figs.  3,  4. 

Fronds  smaller,  more  narrowly  lincar,  apex  very  acute,  average 
width  7  to  20  mm  ,  average  length  about  14  cm.,  thinner  in  texture, 
venation  apparently  thinner,  and  perhaps  doser. 

The  différence  between  the  extrême  for  m  s  of  this  variety  and  the 
spécimens  typical  of  the  species  is  very  great,  and  if  there  were 
no  intermediate  forms  would  undoubtedly  be  considered  of  spécifie 
value.  But  between  the  extremely  narrow  fronds  such  as  figured 
plate  m,  fig.  4,  and  those  typical  of  the  species,  plate  II,  figs.  i  and 
2,  there  are  such  continuons  gradations  that  I  am  entirely  unable 
to  draw  any  separating  line.  The  venation  of  the  smaller  fronds 
seem  thinner,  but  becomes  proportiônally  stronger  with  the  size  of 
the  frond.  The  apex,  however,  is  decidedly  more  acute.  The 
species  and  variety  occur  at  the  same  locality. 
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Taeniopteris  newberriana   F.  and  I.  C.  W.    Plate  I,  Figs,  1-5,  13,  7  (?), 

Plate  IV,  Figs.  2,  4 

Taeniopteris  neivberriana  Fontaine  and  I.  C.  White,  Permian,  or  Upper 
Carboniferous  Flora  of  West  Virginia  and  Southwest  Pennsylvania,  p.  91. 
plate  34,  figures  1-8.  1880. 
Numerous  specimenf  in  the  collection  are  so  close  to  Taeniopteris 
newberriana  that  their  référence  to  that  species,  at  least  for  the 
présent,  seems  advisable.  There  are  numerous  individuals,  but 
ail  more  or  less  fragmentary.  Owing  to  the  thin  texture  of  the 
frond  the  Une  of  cleverage  in  the  matrix  is  not  sufiiciently  marked 
to  expose  it  completely  as  in  the  last  species.  In  this  character  of 
a  very  thin  frond  our  spécimens  difîer  very  markedly  from  the  types 
of  the  species,  which  are  described  by  the  authors  as  rather  thick 
and  coriaceous.  The  fact  that  the  matrix  is  différent  in  the  two 
cases,  ours  being  preserved  in  limestone,  while  theirs  were  in 
shale,  may  account  in  part  for  this,  and  possibly  for  other  seeming 
différences.  The  nerves  are  figured  by  the  authors  as  leaving  the 
rachis  at  right  angles,  but  in  the  description  they  say  that  the 
latéral  nerves  leave  **the  midrib  at  a  right  angle,  or  with  a  very 
slight  arch  immediately  at  the  insertion."  In  our  spécimens  the 
veins  near  the  apex  of  the  frond  leave  the  midrib  at  right  angle, 
those  near  the  middle  with  a  slight  arch  immediately  at  the  inser- 
tion, and  those  near  the  base  with  a  more  decided  arch  at  the 
insertion.  In  the  figures  of  the  types  the  veins  are  represented  as 
coming  out  at  right  angles  from  the  rachis  throughout  the  entire 
length  of  the  frond,  the  base  as  well  as  the  apex.  No  spécimens 
hâve  been  found  in  the  Kansas  formation  with  the  peculiar  seg- 
mentation characterizing  many  of  the  Virginia  spécimens.  Thèse 
two  characters — différence  in  the  origin  of  the  veins,  and  absence 
of  the  segmented  frond,  may  prove  to  be  spécifie  différences 
separating  our  species  from  Fontaine  and  White's.  The  présent 
référence  is  intended  as  suggestive  rather  than  final.  In  other 
respects  Fontaine  and  White's  description  of  the  venation,  * 'latéral 
nerves  very  fine,  closely  placed  and  immersed  in  the  parenchyma 
of  the  frond,"  entirely  agrées  with  our  species,  as  does  also  their 
description  of  the  size  and  shape  of  the  frond,  ''frond,  simple, 
elongate,  narrowly  eliptical,  tapering  slowly  to  the  apex  and  base." 
The  largest  frond  of  our  spécimens  are  17  to  23  mm.  wide,  probably 
not  less  than  20  cm.  long;  the  Virginia  spécimens  are  2^  cm. 
wide,  and  hâve  an  estimated  length  of  20  cm. 

Fontaine  and  White  compare  the  species  to  T,  coriacea,  It 
differs  from  spécimens  of  that  species  from  the  same  locality,  in  a 
larger  and  much  thinner  frond,  finer  and  more  numerous  veins. 
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more  nearly  at  right  angles  to  the  rachîs.  The  two  species  are 
usually  easiiy  separated  on  thèse  characters»  but  between  the  larger 
fronds  of  T.  coriacea  and  the  smaller  of  T.  newberriana  as  repre- 
sented  in  the  Kansas  Permian,  the  dividing  line  is  sometimes  by 
no  means  clear. 

The  species  may  be  compared  in  venation  to  T,  jejunata  Grand' 
Eury,  but  this  latter  species  is  described  as  having  a  pinnate 
frond,  of  which  the  ultimate  pinnae  hâve  a  somewhat  cordate  base. 
T,  newberriana  has  a  simple  frond  gradually  reduced  to  a  petiolate 
base,  as  shown  both  by  the  Virginia  and  Kansas  spécimens. 
Professor  Potonié,  Die  Flora  des  Rothliegenden  von  Thuringen, 
p.  145,  iacludes  in  the  synonomy  of  T,  jejunata^  "71  newberriana 
Font,  and  White  ex  parte"  and  cites  plate  XXXIV,  figures  9,  9a, 
of  the  Permian  Flora,  but  the  figures  referred  to  are  not  of 
T.   newberriana^   but  of  T.   lescuriana  F.  and  I.  C.  W. 

The  horizon  from  which  the  types  of  T,  newberriana  were  de- 
scribed hâve  been  variously  regarded  as  Permian  and  Permo- 
Carboniferous.  Professors  Fontaine  and  White  in  their  treatment 
of  the  flora  argue  strongly  for  its  Permian  âge. 

Tbaniopterifl  sp.    Plate  I,  Fig.  14. 

I  figure  hère  the  apical  part  of  a  frond  which  is,  probably,  différ- 
ent from  either  of  the  other  species.  The  venation  has  much  the 
same  character  as  that  of  T,  coriacea^  but  the  frond  is  evidently 
much  larger.  On  the  other  hand  the  veins  are  very  much  more 
oblique  than  those  of  T.  newberriana,  The  veins  are  thin  and 
close,  and  the  dots  between  the  veins  small  and  numerous. 

Interneural  Bodies  on  the  Fronds  of  Taeniopteris. 

The  interneural  bodies  referred  to  in  the  introduction  occur  on 
some  spécimens  of  each  species  and  variety  of  Taeniopteris  in  the 
collection.  They  are  sraall,  oval,  résistant  bodies,  situated  be- 
tween the  veins,  half  immersed  in  the  epidermis  of  the  frond, 
nearly  globular  in  shape,  some  smooth  on  top,  but  more  often 
showing  a  slit  across  the  top  or  side  very  suggestive  of  the  slit  for 
the  discharge  of  spores  in  many  eusporangiate  ferns.  The  slit, 
apparently,  has  no  regular  position  on  the  bodies;  it  is  sometimes 
across  the  top,  sometimes  on  the  side,  sometimes  parallel  to  the 
direction  of  the  veins,  or  again  transverse  to  the  veins.  The 
bodies,  when  removed  from  the  epidermis  leave  a  cup-shaped 
cavity.  In  many  of  the  cavities  there  is  a  cast  of  the  slit,  indicat- 
ing  that  many  of  the  bodies  had  the  break  turned  down,  and 
doubtless  many  of  those  appearing  smooth  on  top  are  slit  below. 
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Some  of  the  sporangia(?),  however,  are  certainly  not  slit  in  the 
manner  described.  One  spécimen  of  T.  newberriana  having  many 
of  the  bodies  preserved,  has  none  showing  the  slit,  and  when  re- 
moved  and  mounted  they  are  seen  to  be  round  and  entire.  If  we 
accept  the  hypothesis  that  the  bodies  in  question  are  sporangia, 
the  absence  of  the  cleft  in  this  spécimen  would  naturally  find  its 
explanation  in  the  supposition  that  the  sporangia  are  not  yet 
mature. 

The  size  and  number  of  the  sporangia  seem  to  be  characters  of 
spécifie  value.  On  the  group  of  spécimens  which  I  hâve  referred 
to,  T,  coriacea,  they  are  proportionally  large,  readily  visible  to  the 
eye,  more  distant  and  fewer  than  in  the  other  species.  The  bodies 
between  the  veins  of  T,  newberriana  (/)  are  smaller — although  the 
frond  is  larger — doser  together,  and  scarcely  visible  without  the 
aid  of  a  lens. 

When  the  matrix  holding  the  spécimen  is  opened  some  of  the 
bodies  always  adhère  to  one  side  and  some  to  the  other,  so  that 
either  side  of  the  spécimen  shows  some  in  place  and  casts  of  others. 
Under  a  lens  the  bodies  show  distinctly.  Examined  under  a  high 
power  with  reflected  light  the  détails  seen  with  the  lens  come  out 
more  definitely,  the  bodies  appearing  bright  yellow  ih  contrast  with 
the  dark  substance  of  the  frond  Figures  4  and  5,  plate  I,  are 
sporangia(?)  taken  from  a  spécimen  of  T,  newberriana  (/)  showing 
slits,  one  across  the  top,  the  other  across  the  side.  Figures  10  and 
II  show  two  bodies  taken  from  T.  coriacea^  zxiA  figure  12  a  cast. 
Ail  enlarged  thirty  diameters. 

The  bodies  may  be  readily  removed  from  the  frond  and  imbedded 
and  sectioned  by  grinding.  On  touching  the  epidermis  with 
nioulding  wax  many  of  them  adhère  and  may  be  transferred  to  the 
desired  média  for  sectioning.  The  author  used  for  this  purpose, 
hardened  balsam  and  sealing  wax.  Of  the  numerous  sections  made 
none  showed  conclusive  évidence  of  cellular  structure — the  one 
remaining  point  necessary  to  prove  that  the  bodies  are  sporangia. 
Irregular  markings  resembling  cell  walls  are  often  seen,  but  noth- 
ing  definite.  Thin  sections  under  a  high  power  appear  minutely 
granular  with  redish-yellow  granules.  Chemical  test  shows  the 
présence  of  iron,  and  other  appearances  suggest  iron  oxide  as  their 
probable  composition. 
Analoffous  appesurances  in  other  srenera  of  plants— Nilssonia. 

Some  species  of  Nilssonia  Brong.,  a  Mesozoic  genus  referred  to 
the  cycads  by  some  authors,  to  the  ferns  by  others,  hâve  dots  be- 
tween the  veins  very  suggestive  of  those  of  Taeniopteris,     The  dots 
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on  Nilssonia  polymorpha  Schenk  are  described  as  small,  situated  at 
approximately  regular  distances  apart,  between  the  veins.  The 
dots  of  this  species  hâve  been  variously  regàr3ed  by  différent 
authors.  Schenk  regarded  them  as  the  remains  of  sori  and  accord- 
ingly  referred  the  genus  to  the  ferns.  ^  Saporta  considered  them 
more  like  fungi  and  referred  the  genus  again  to  the  cycads.  * 
Count  Solms  Laubach,  Fossil  Botany,  p.  140  (Balfours  transla- 
tion), in  summing  up  the  évidence  considers  Schenk*s  view  more 
probable  than  Saporta's,  and  therefore  treats  of  the  genus  among 
the  ferns.  Later  authors  hâve  generally  referred  the  genus  to  the 
cj'cads.  Another  interesting  point  of  analogy  between  those  spéc- 
imens of  Nilssonia  polymorpha  having  unsegmented  pinnae  and  the 
Taeniopterids  under  considération  is  the  striking  similarity  in  the 
shape  and  venation  of  the  apical  part  of  the  frond.  In  both  the 
midvein  is  reduced  to  a  mère  line,  but  continues  to  the  apex,  the 
latéral  veins  are  arched  upwards,  with  numerous  dots  between 
them. 

Neuropteris. 

A  spécimen  of  Neuropteris  in  the  Lacoe  collection  of  the  United 
States  National  Muséum,  which  Dr.  White  had  the  kindness  to 
show  me,  has  dots  between  the  veins  very  suggestive  of  the  oval 
bodies  between  the  veins  of  our  spécimens  of  Taeniopieris.  Dr. 
White  is  inclined  to  regard  thèse  dots  as  glands.  The  species  is 
described  in  an  unpublished  manuscript  of  Lesquereux,  which  Dr. 
White  is  now  editing. 

Alethopteris. 

Andrews  described  in  Vol.  II,  pal.  Geol.  Surv.  of  Ohio,  p.  421, 
pi.  50,  fîgs.  3-3b,  a  species  from  near  the  base  of  the  coal  measures 
of  Ohio,  under  the  name  Alethopteris  maxima  And.,  which  has  nu- 
merous small  dots  between  the  veins.  Andrews  regarded  thèse  as 
probably  dots  of  iron  oxide.  Lesquereux,  Coal  Flora,  p.  187,  re. 
fers  to  them  as  "reniants  or  the  base  of  scales  similar  to  those  often 
seen  upon  leafîets  of  species  of  Acrostichum,  *' 

MesralolptteriB 

Dots  occur  between  the  veins  of  Af,  Harttii  And.  and  M,  dentata 
in  the  muséum  collection,  from  Rushville,  Ohio,  very  like  those 
on  Taeniopieris. 

1  Die  fossile  Flora  der  Grenzsclilcliten  des  Keupers  und  Lias  Franketis,  iStis. 

2  Paléontologie  française,  ser.  2,  végétaux,  vol.  2,  l^<75. 
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Other  Bpeoies  of  Taeni(H>téri8. 

Newberry  figures  the  apex  of  a  frond^  with  the  following  expia- 
nation  of  the  figure:  ^^Taeniopterts  ^^.{^^  in  fruit;  summit  of  frond, 
Los  Broncos,  Sonora."  The  formation  is  considered  Triassic. 
The  spécimen  is  not  mentioned  in  the  text.  The  figure  is  indis- 
tinct, but  the  dots  seem  to  be  small,  close,  and  placed  much  as  in 
our  spécimens,  and  are  very  probably  the  same. 

Dots  of  the  character  of  most  of  those  mentioned  above,  whether 
glandular  or  fungal,  or  the  bases  of  scales,  if  sought  for  will  prob- 
ably be  found  on  many  other  species  and  various  gênera.  Re- 
cently  I  hâve  noticed  very  similar  dots  between  the  veins  of  an 
Alethopteris  from  Lansing,  Kansas,  probably  A,  serlii  (Brong. 
Goep. 

If  the  dots  between  the  veins  of  ail  thèse  various  gênera  are  the 
same  as  those  on  Taeniopteris  the  possibility  of  their  being  fructifi- 
cation is  practically  excluded.  It  is  scarcely  possible  for  gênera 
differing  so  widely  in  form  and  geological  position  to  hâve  fructifi- 
cation so  very  similar.  Two  characters,  however,  are  to  be  noted 
on  Taeniopteris  not  présent  on  any  of  the  others:  the  dots  are  in  the 
form  of  hard  résistant  bodies,  which  can  be  removed  and  sectioned, 
which  seems  not  to  be  the  case  in  any  of  the  other  gênera;  sec- 
ondly,  the  slit  in  thè  bodies  remains  unexplained  on  any  other 
theory  than  that  thèse  are  sporangia  and  the  slit  the  line  of  cleav- 
age  for  the  discharge  of  spores;  to  which  might  be  added  a  seeming 
différence  in  the  size  and  arrangement  of  the  bodies  on  the  différ- 
ent species.  It  might  be  argued  against  such  an  hypothesis  that 
no  genus  of  ferns  is  known  in  which  the  sporangia  are  placed  be- 
tween,  and  having  no  direct  connection  with  the  veins.  In  many 
gênera  they  are  placed  between  the  forks,  or  at  the  ends  of  the 
veins,  but  always,  so  far  as  I  hâve  been  able  to  learn,  in  direct 
connection  with  this  source  of  nourishment.  Such  an  arrangement, 
however,  might  not  be  impossible  on  a  primitive  fern.  The  soli- 
tary  and  distantly  separated  sporangia(,?)  are  not  peculiar  to  this 
genus.  Several  fossil  gênera  are  known  in  which  the  sporangia 
are  ofte*n  or  regularly  solitary;  in  the  living  genus  Angiopteris  the 
sporangia  are  independent  of  each  other. 

With  the  incomplète  évidence  at  hand,  especially  in  the  absence 
of  structual  characters,  no  positive  conclusion  is  possible,  and  the 
question  is  best  lefl  open  for  the  présent.  The  appearance  is  cer- 
tainly  very  suggestive  of  sporangia,  and  in  this  journal,  January. 

1  Explorlug  expédition  from  SaiiUb  Fe  to  the  Junctloii  of  tlie  Grand  and  Green  rirers, 
1859,  Macomb.  Geological  report  by  Newberry,  pi.  8,  flg.  5. 
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19D0,  the  author  referred  to  them  as  apparently  representing  a  new 
type  of  fructificatioa.  Unfortunately  the  positive  proof  is  still 
lacking. 

Sears  on  or  near  the  Rachis  of  Taeniopteris. 

Several  spécimens  of  this  genus  bear  on  or  near  the  rachis, 
elongate-elliptical  scars,  resembling  very  closely  those  oi  Afacro^ae- 
niopteris  magnifolia  (Rogers)  Schimper  as  described  and  figured  by 
Professer  Fontaine  in  his  Monograph  on  the  Older  Mesozoic  Flora 
of  Virginia,  p.  18,  pi.  4,  figs.  i  and  la.  Two  sears  are  seen  in 
succession  on  the  rachis  of  T.  newberriana^  pi.  i,  figs.  i  and  la. 
Professor  Fontaine's  description  is  taken  from  the  dépression,  while 
in  this  spécimen  the  scars  project.  The  counter  impression  in 
wax  seems  to  agrée  in  every  particular  with  his  description  of 
*'elliptical  dépressions  surrounded  by  a  raised  line,  which,  sweep- 
ing  sharply  around  the  ends  of  the  dépressions,  continues  double 
until  a  divergence  takes  place  to  embrace  the  next  dépression." 
Near  the  apex  of  the  same  spécimen  a  third  scar  occurs  on  the 
middle  of  the  rachis.  Another  fragment  of  this  species,  figure  2, 
plate  IV,  has  two  scars  of  the  ordinary  size  on  the  midrib  and  a 
third  smaller  one  between  thèse  two  and  at  the  side  on  the  lamina, 
about  one-half  mm.  from  the  midrib.  The  scars  on  T-  coriacea  are 
very  distinctly  marked.  Figure  i,  plate  III,  shows  a  string  of 
them  on  the  rachis  very  suggestive  of  Fontaine's  figure.  Two 
other  spécimens  hâve  a  plainly  marked  row  of  scars  on  the  rachis. 
The  scars  hâve  no  regularity  of  size,  distance  apart,  or  position  on 
the  rachis.  In  this  respect  they  resemble  Rogers'  original  descrip- 
tion for  those  of  Macrotaeniopteris  magnifolia  in  which  he  says  that 
the  scars  are  placed  at  unequal  intervais,  and  at  rather  varying 
distances  from  the  midrib,  and  not  unfrequently  on  the  midrib 
itself. 

A  comparison  of  the  scars  born  on  the  rachises  of  the  two  species 
on  which  they  occur  has  failed  to  bring  out  any  constant  différences 
between  them  in  arrangement,  structure  or  position.  They  are  of 
various  sizes,  from  very  small,  one-half  mm.  or  less,  to  five  mm. 
long,  about  one  mm.  wide.  The  shape  is  seemingly  constant, 
elliptical  with  the  longest  axis  parallel  to  the  rachis.  The  depressed 
space  around  the  scar,  "raised  line*'  of  Prof.  Fontaine's  descrip- 
tion of  the  counter  dépression,  is  always  présent,  sometimes  com- 
paratively  broad  and  well  marked. 

Professors  Rogers  and  Fontaine  regarded  the  scars  of  Macro- 
taeniopteris magnifolia  as  probably  the   bases  of    sori.     But  their 
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présence  on  another  genus,  Taeniopieris^  with  additional  évidence 
of  their  irregularity  of  arrangement,  size,  distance  apart,  and  their 
position  on  the  rachis — an  unusual  place  for  fern  fructification — ail 
argue  strongly  against  such  a  conclusion.  But  there  is  more  satisfac- 
tory  évidence  at  hand  that  the  scars  can  not  hâve  any thing  to  do  with 
fructification.  Â  spécimen  of  GUnopteris  spiendens  Sellards,  from 
the  same  locality,  has  an  identical  scar  on  the  rachis,  as  noted  in 
the  description  of  that  species,  Kans.  Univ.  Quart.,  Vol.  IX,  No. 
3,  p.  184.  Â  second  scar  occurs  on  the  rachis  of  another  spécimen 
of  the  same  genus,  the  species  scarcely  determinable,  but  probably 
the  same.  GUnopteris  is  a  very  différent  genus  from  Taeniopteris 
and  can  hardly  be  thought  of  as  having  the  same  fructification. 

The  présence  of  the  scar  on  three  gênera  and  several  species 
indicates  that  they  are  not  the  resuit  of  any  accidentai  injuiy  to 
the  plant.  It  is  difficult  to  make  out  with  any  degree  of  certainty 
what  they  are.  They  resemble  some  f  ungi  rather  closely.  The 
possibility  that  they  may  be  the  resuit  of  pathological  growth  due 
to  the  sting  of  an  insect  naturally  suggests  itself  and,  indeed,  seems 
very  possible. 

Figure  a,  plate  II,  shows  another  set  of  markings,  this  time 
entirely  on  the  lamina.  They  are  elongate,  or  ovate-elongate,  with 
the  long'axis  parallel  to  the  nerves,  of  varying  size  from  verysmall 
to  5  or  6  mm.,  close  or  distant,  project  sensibly  from  the  frond. 
usually  with  the  carbonaceous  layer  rubbed  ofi  of  the  top.  Some 
of  the  smaller  ones  are  uninjured,  and  seem  to  show  an  elevated 
border  with  a  depressed  center.  Thèse  scars  are  very  suggestive 
of  the  work  of  the  fungi.  ^ 

The  scars  hâve  an  added  interest  because  of  their  resemblance 
to  scars  on  the  type  spécimens  of  Taeniopteris  newberriana  from 
West  Virginia,  wbich  Professors  Fontaine  andl.  C.  White  regard  as 
the  basis  of  the  sori.  '  In  the  West  Virginia  spécimens  the  scars  are 
placed  in  a  single  row  along  each  side  of  the  midrib,  and  the  frond 
is  divided  into  segments  by  deep  obtuse  sinuses.  Nothing  of  the 
segmented  character  has  been  observed  on  our  spécimens,  and  the 
large  scars  are  more  commonly  on  the  midrib.  Thèse  authors, 
however,  compare  the  scars  to  those  on  Macrotaeniopteris  magnifolia 
to  which  ours  are  very  closely  related.  They  say,  Permian 
Flora,  p.  93,  **Maerotaeniopteria  rogersi  Schimper  of  the  Rich- 
mond  coal  field,  contains,  on  spécimens  in  our  possession, 
elliptical  dépressions  strikingly  like  the  dépressions  seen  on 
thia  plant,  and  shown  on  plate  XXXIV,  figure  3.  In  the  speci* 
mmvk  from  the  Richmond  coal  the  dépressions  are  larger,  and  are 
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placed  in  one  row  on  the  midrib.  Professer  Wm.  B.  Rogers, 
however,  in  fais  description  of  the  plant,  says  that  they  often  occur 
in  two  rows,  one  on  each  side  of  the  midrib."  It  cannot  be 
affirmed  that  the  scars  on  our  spécimens  are  the  same  as  those  on 
Fontaine  and  White's  spécimens,  but  it  would  seem  from  their 
relations  that  they  are  at  least  of  the  same  nature,  and  probably 
hâve  no  connection  with  fructification. 

Dr.  David  White  has  had  the  very  great  kindness  to  look  over 
the  manuscript  and  illustrations  of  this  genus,  except  figure  la, 
plate  I,  which  has  been  added.  Dr.  White  gives  it  as  his  opinion 
that  the  rachial  pits  are  fungi,  and  suggests  a  cômparison  with  the 
genus  Rosellinites  Pot. 

The  cômparison  to  insect  stings  was  sugested  to  me  originally 
by  the  close  resemblance  of  the  scars  to  the  stings  on  the  common 
Amarpha  fructicosa  (false  indigo),  said  to  be  made  by  some  of  the 
orthopteroid  insects,  a  supposition  which  the  more  recently  dis- 
covered  présence,  among  the  plants,  of  two  well  preserved  orthop- 
terous  insects  may  be  taken  to  strengthen.  The  scars  on  this 
shrub  are  certainly  similar  in  arrangement  and  shape  to  those  on 
the  fern  rachises,  although  somewhat  larger.  The  resemblance 
may  of  course  be  entirely  superficial. 

The  suggested  cômparison  with  fungi  is  good,  although  I  am 
inclined  to  think  the  cômparison  doser  with  the  genus  Hysterites 
than  with  Rosellinites,  Quite  recently  I  hâve  found  on  a^fragment 
of  Cordaites  from  Universîty  Hill,  Lawrence  shales,  Lawrence,  a 
fungus  related  by  its  form,  position,  and  the  host  on  which  it  is 
borne,  to  some  species  of  Hysterites,  as  H,  cordaites^  and  at  the  same 
time  so  similar  to  the  objects  in  hand  as  to  suggest  a  close  relation. 
A  close  examination  of  the  rachial  pits  reveals  the  présence  on  two 
of  them  of  elongate  dépressions  at  the  center  suggesting  the  clef t 
in  the  living  genus  Hysteriutn — to  which  Hysterites  is  compared — or 
the  related  Hysteriographium,  This  character  is  represented  in  the 
detailed  figure  la,  plate  L  If  this  figure  had  been  made  at  the 
time  Dr.  White  saw  the  plate,  I  am  inclined  to  think  he  would 
hâve  suggested  Hysterites  as  well  as  Rosellinites^  or  possibly  instead 
of  that  genus.  The  type  species  oi  Rosellinites^  R.  beyschlagii  Pot., 
as  described  and  figured  by  the  author,  Flora  des  Roth.,  p.  27, 
plate  ly  fifi^ure  8,  is  irregular  in  shape,  varying  from  circular  to 
elliptical  or  egg-shaped,  running  together  in  irregularly  formed 
masses;  the  scars  on  the  fern  rachises  are  symmetrically  elliptical, 
and  do  not  show  the  varions  irregular  enlargements  seen  on 
Rosellinites  beyschlagii. 
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Thèse  scars  merit  a  more  careful  and  extensive  comparison  wîth 
living  and  fossil  forms  than  I  hâve  been  able  to  give  them.  Amopg 
a  few  living  fungi  with  which  I  hâve  had  the  opportunity  of  making 
comparison,  Hystertiographium  vulvatum^  kindly  loaned  me  by 
Professor  Barber,  may  be  mentioned  as  having  conceptacles  shaped 
like  the  scars  in  question,  with  a  central  cleft  that  might  be  con- 
sidered  homologous  with  the  depressed  center  of  the  scars.  I  hâve 
not  noticed  anything  in  the  living  species  that  seems  to  represent 
the  depressed  canal,  "raised  line,"  in  Professor  Fontaine's  descrip- 
tion. 


On  the  Group  of  216  Collineations  in 
the  Plane. 


BY    H.    B.    NEWSON. 


§1.    Introduction. 

The  group  of  216  collineations  in  the  plane  was  discovered  by  C. 
Jordan  and  treated  by  hira  in  CrelU^  Band%\,  pp.  89-215;  and  dis- 
cussed  again  by  him  in  Atti  délia  Reale  Accademia  di  Napoli^  Tome 
8  (1879).  This  group  has  been  further  studied  by  Maschke  in 
Math.  Annaien,  Band  33,  pp.  324-330.  This  paper  by  Maschke  is 
the  standard  référence  on  the  subject. 

The  object  of  the  présent  paper  is  to  study  the  géométrie  prop- 
erties  of  the  group  and  its  sub-groups  with  respect  to  a  pencil  of 
cubic  curves  through  nine  points  of  infiection;  to  détermine  the 
types  of  collineations  entering  into  the  'group;  to  détermine  the 
order  of  each  transformation  and  the  position  of  the  invariant  tri- 
angle in  each  case. 

§2.    The  Pencil  of  Cubics,  xs+y3+z»+6mxyz=:o. 

The  theory  of  the  group  of  216  collineations  in  the  plane  is  so 
intimately  related  to  the  theory  of  a  pencil  of  cubics  through  nine 
points  of  infiection,  that  a  résumé  of  certain  properties  of  such  a 
pencil  is  a  necessary  preliminary  to  the  study  of  the  group. 

If  m  is  a  variable  parameter,  the  équation, 

x'-f-y'+z*+6mxyz=o,  (i) 

represents  00 ^  cubics  having  nine  points  of  intersection  which  are 
points  of  infiection  on  ail  cubics  of  the  pencil. 

From  any  point  P  on  a  cubic  C  four  tangents  can  be  drawn  to  C 
exclusive  of  the  tangent  at  P.  The  cross-ratio  of  thèse  tangents  is 
constant  for  ail  points  on  the  curve  and  is  différent  for  différent 
curves  of  the  pencil.  This  cross-ratio  k  is  absolutely  unaltered  by 
projection,  and  hence  two  cubics  can  not  be  linearly  transformed 
into  each  other  unless  they  hâve  the  same  absolute  invariant  k. 
The  value  of  k  in  terms  of  m  is  given  by  the  équation 

(13)  KA9.  UKiy.  QUAB..  YOL.  X,  ZïO.  t,  JA5.,  1901,  8SBIM  A. 
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^^*-^+^y ^  _64m3(m3-i)3 

[(k+i)(k— 2)(k— i)]«      (8m«+2om3— 1)«      ^'^  ^  ^^^ 

For  any  given  value  o£  k  this  is  an  équation  of  the  twelfth  degree 

in  m;  hence  there  are  twelve  cubics  in  the  pencil,  ail  haying  the 

same  cross-ratio  k.     Given  any  cubic  of  the  pencil  it  can  be  pro- 

jected  into  itself  and  into  only  eleven  other  cubics  of  the  pencil. 

Expanding  équation  (2)  we  hâve 

(3) 
64(1— <^)mi«—64(3  +  5^)m»  +  i92(i—2^)m6— 8(8— 5«/»)m3—«/»=o. 

The  solution  of  this  équation  dépends  upon  that  of  a  quartic;  its 
roots  may  be  written  mi,  ami,  <^^^b  Ci=  i»  2,  3,  4)  and  a'^i.  Hence 
our  set  of  twelve  is  composed  of  four  sub-divisions  of  three  cubics 
each. 

For  certain  spécial  values  of  k  our  System  of  twelve  cubics  rc- 
duces  to  a  smaller  number.  Thus  when  k= — a  or  —a*  we  hâve 
m— o, i,a,a*;  hère  the  three  cubics  of  each  sub-division  hâve  coin- 
cided  and  our  twelve  cubics  hâve  reduced  to  four.  Thèse  four 
cubics  are  called  the  equianharmonic  cubics  of  the  pencil.  Their 
équations  are 

(i")     x^+yS-j-z^— o, 

(2)  x'-fy'+z3-f  6xyz— o, 

(3)  x3  +  y3-fz3+6axyz^o,  (4) 

(4)  x3-f  y3-|-z3-f6a'xyz^:=o. 

When  k= — i,  2,  \,  the  twelve  values  of  m  reduce  to  six;  viz: 

Thèse  six  cubics  are  called  the  harmonie  cubics  of  the  pencil. 

When  k=i,  o,  00,  we  hâve  m=oo  ,  — |,  — ^a,  — Ja*.  Thèse  four 
cubics  are  characterized  by  the  common  property  that  each  of 
them  breaks  up  into  three  li'near  factors.     Thus 

(i)  xyz=o, 

(2)  x3+y3+z3— 3xyz_^(x+y-f z)(x+ay+a*z)(x-fo'y+az)=o, 

(3)  x3+y3+z3— 3axyzEEi(ax+y+z)(x-fay+z)(x+y-faz)=o,     (5) 

(4)  x3 -|-y3 -|-z3 — 3a«xyz^(a*x-f y +z)(x-fa*y+z)(x+y+a*z)— O. 

Each  of  thèse  degenerate  cubics  consists  of  three  straight  lines 
which  form  a  triangle,  one  of  them  being  the  triangle  of  référence. 
They  are  the  infiectional  triangles  of  the  pencil  of  cubics. 
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Between  thèse  four  degenerate  cubics  and  the  four  equianhar- 
monic  cubics  tbere  exists  a  very  simple  relation.  Eacb  equianhar- 
monic  cubic  is  gotten  by  taking  the  snm  of  the  cubes  of  the  linear 
factors  of  the  corresponding  degenerate  cubic.  Thus,  for  example, 
we  hâve 

3(x3-|-y3-|-z3-f  6xyz)iz:(x+y-|-z)^  +  (x+ay+a*z)' 

+(x+a«y+ax)3.  (6) 

The  coôrdinates  of  the  nine  points  of  inflection  of  the  pencil  of 
cubics  is  best  found  by  eliminating  between  x^-\-y^-\-z^=^o  and 
xyz=iO.     They  are  as  follows: 

Cl)      o,    I,   — i;  (2)      o,   a,    —  i;  (3)     o,    l,   —a; 

(4)      —I,   o,    i;  (5)     —I,   o,    a;  (6)     —a,   o,    i;  (7) 

(7)     I,  —I,   o;  (8)     a,   —I,  o;  (9)     i,  —a,  o. 

The  harmonie  polars  of  thèse  nine  points  of  inflection  are  given 
by  the  following  équations: 

(i)     y— z=o,         (2)     a«y— z=:=o,         (3)     ay—z=--o, 

(4)     z— x=o,         (5)     a*z — x=o,         (6)     az — x=o,       (8) 

(7)     X— y=o,         (8)     a«x— y=o,         (9)     ax— y=o. 

Each  of  the  inflectional  triangles  intersect  the  pencil  of  cubics  in 
the  same  nine  points;  hence  the  nine  points  of  inflection  lie  three 
by  three  on  iwelve  right  lines.  Each  harmonie  polar  passes 
through  a  vertex  of  each  of  the  four  inflectional  triangles;  hence 
'the  twelve  vertices  of  the  inflectional  triangles  lie  four  by  four  on 
nine  right  lines. 

The  vertices  of  the  four  inflectional  triangles  may  be  designated 
by  Al,  Bi,  Cl,  (i=i,  2,  3,  4).  The  coôrdinates  of  thèse  twelve 
points  are  as  follows: 


f  I.  o,  o, 

I.  -]  o,  I,  o,       2.  i 

I 

[o,  o,  I. 


I,  I, 


If   a*,  a, 


a,     a* 


3- 


a»,    I,      I, 


I,     a=,    I, 


a,  I,  I, 
I,  a,  I, 
I,    I,    tt, 


(9) 
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§3.    The  Group  G216. 

It  is  a  well  known  fact*  in  the  theory  of  plane  cubics  that  every 
non-singular  cubic  C  can  be  projectively  transformed  into  itself  in 
eighteen  différent  ways  and  that  thèse  eighteen  collineations  form 
a  group  G,  8  which  also  transforms  into  itself  every  cubic  of  the 
pencil  C-|-6kH=o.  We  shall  investigate  this  group  in  détail  in 
the  next  section,  but  hère  we  wish  to  make  use  of  the  generally 
known  fact. 

It  was  shown  in  §2  that  a  cubic  C  is  one  of  a  set  of  twelve  cubics 
Cl  (i=i  ....  12)  which  can  be  projectively  transformed  into  one 
another.  Since  each  cubic  of  the  set  may  be  transformed  into 
itself  in  eighteen  différent  ways,  we  infer  that  each  cubic  of  the  set 
may  also  be  transformed  into  any  other  cubic  of  the  set  in  eighteen 
différent  ways.  If  this  be  true,  there  are  12.18  transformations 
which  leave  invariant  the  set  of  twelve  cubics.  Thèse  216  colli- 
neations form  a  group  G^^^. 

The  configuration  of  four  equianharmonic  cubics,  four  degenerate 
cubics  and  six  harmonie  cubics — shown  in  §2 — is  analogous  to  a 
tetrahedron  which  has  four  vertices,  four  faces  and  six  edges.  Ac- 
cordingly  the  structure  of  the  group  G,, g  is  analogous  to  the 
structure  of  the  tetrahedron  group  G,,,  which  we  assume  as 
known.  To  the  identical  substitution  in  G,j  corresponds  the 
group  Gj  g  in  G  g,  g.  To  the  four  sub-groups  G3  in  G,j,  each 
leaving  a  vertex  and  opposite  face  invariant,  correspond  four  sub- 
groups  Gg^  in  Gg^Q,  each  leaving  invariant  a  degenerate  and  an 
equianharmonic  cubic.  To  the  three  sub-groups  G^  in  G^g,  each 
leaving  invariant  a  pair  of  opposite  edges,  correspond  three  sub- 
groups  G3Q  in  Gg,Q,  each  leaving  invariant  a  pair  of  conjugale 
harmonie  cubics.  To  the  invariant  sub-group  G^  in  G,  g  corres- 
ponds an  invariant  sub-group  G,jj  in  Gg,ç. 

We  shall  now  take  up  the  study  of  thèse  sub-groups  of  Gg,  ^  and 
examine  into  their  structure  and  détermine  the  properties  of  the 
individual  transformations  found  in  them.  We  shall  détermine  in 
particular  the  order  and  the  invariant  triangle  of  each  transforma- 
tion occurring  in  Gg^^. 

§4.    The  Group  Gis. 

The  harmonie  polar  1  of  a  point  of  inflection  I  is  characterized 
by  the  following  property:  Every  line  through  I  cuts  the  cubic  C 
in   two  other  points  P  and  Q   and    1  in    L.     The  cross-ratio   of 

♦Clebscli,  Vorlesungen  ueber  Géométrie,  I,  S.  512. 


NEWSON:    COLLINEATIONS    IN    THE    PLANE. 


17 


(ILPR)= — I.  If,  therefore,  we  set  up  a  perspective  transforma- 
tion of  order  2  having  I  for  its  vertex  and  1  for  its  axis,  it  will 
transform  C  into  itself. 

Take  the  point  of  inflection  (o,  i,  — i)  and  its  harmonie  polar 
y — z=o;  choose  any  two  points  on  this  lineas  (o,  i,  i)  and  (i,  i,  i). 
The  single  cross-ratio  of  this  transformation  is  k= — i.  The  équa- 
tions of  the  transformation  may  be  written  down  by  means  of  the 
following  formulas:* 


f>Xj 


X      y      z      o 
A     B     C     A 
A,  B,   C,  kA, 
A,  Bg  Cg  k'A, 

X 


f>yi= 


z 

c 

C, 


o 
B 
kB, 


1   ^1  "^'j 
B,  C,  k'B, 


pz^  = 


z 
C 


o 
C 


A^  B^  C,   kC^ 
A,  B,  Ce  k'C, 


.(10) 


Substitûting  in  thèse  formulas  the  above  values  of  A,  B,  etc.,  and 
making  both  k  and  k'  equal  to  — i,  thèse  reduce  to 


^i — ^f 

Zi=y. 


(II) 


There  are  nine  transformations,  one  for  each  point  of  inflection; 
they  may  ail  be  written  down  by  means  of  the  same  gênerai  for- 
mula. Three  of  them  will  be  real  and  six  imaginary.  If  we  make 
any  one  of  thèse  nine  substitutions  in  the  équation  of  the  pencil  of 
cubics,  we  fînd  that  every  cubic  of  the  pencil  is  transformed  into 
itself. 

Again,  let  us  take  a  transformation  whose  invariant  triangle  is 
the  triangle  of  référence  and  whose  cross-ratios  are  k  and  k'. 
Writing  down  the  équations  of  this  transformation  by  means  of 


formulas  (10)  we  fînd 


(Xi=X 

Kyi=ky 

(  Zj=k'z. 


Making  this  substitution  in  the 


équation  of  the  pencil  of  cubics  we  get 

x3_^l{3y3_^k'3z^+6mkkxyz=o. 

*K.  U.  Quarterly,  vol.  vUi.  pp.  45-66.  I  hâve  recently  found  tbat  thèse  formulas  were 
prevlously  vlven  In  nearly  the  same  form  by  Prof.  Gabriele  Torrelli  in  the  Rendtconti 
fii  Cirœlo  MaUmatico  dt  Paitrmo,  Tome  vili,  pp.  41-54. 
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Every  cubic  of  the  pcncil  will  be  transformée!  into  itself  when 
k3  =  i,  k'3::^  I,  and  kk'---i.  Thèse  relations  are  satisfied  by  k--a 
and  k'=a*  or  by  k-  a*  and  k'— a.  Thus  we  bave  two  transfor- 
mations 

Xjr=X  Xj=X 

y,=ray    and    y^^aSy  (12) 

of  this  kind  which  transform  every  cubic  of  the  pencil  into  itself. 
Thèse  are  a  pair  cf  inverse  transformations  and  each  of  period  3. 

In  like  manncr  it  may  bc  shown  that  each  of  the  other  inflcc- 
•tional  triangles  is  the  invariant  triangle  of  a  pairof  transformations 
of  period  3,  such  that  they  transform  every  cubic  of  the  pencil  into 
itself.  In  this  way  we  fînd  eight  transformations  of  this  variety. 
The  équations  of  thèse  eight  transformations  may  be  written  down 
by  means  of  formulas  (10),  making  use  of  the  values  given  in  (9). 
Thèse*  équations  are  as  foUows,  numbered  according  to  the  tri- 
angles: 

(x^=x,    X  i  y,    z        (  y»     z  fy»     z 

I.  -^y^r^ay,     a^y;       2.  ^  Z,      x;      3.  ^  aZ,      a^x:       4. -^  a^z,  aX    .      (13) 


y> 

z 

r^ 

Z 

z, 

x; 

3- 

<  az, 

a^X 

X, 

y 

(a^x, 

ay 

(z^=:a^Z,  aZ  (  X,      y  (  a^x,    ay  (  aX,     a«y 

Thèse  eight  transformations,  together  with  the  nine  perspective 
transformations  given  above,  and  the  identical  transformation  con- 
stitute  a  group  G^g,  every  transformation  in  which  transforms 
every  cubic  of  the  pencil  into  itself.  The  fact  that  thèse  eighteen 
transformations  form  a  group  may  be  vcrifîed  by  applying  the  test 
of  forming  ail  possible  résultants.  Thcre  are  no  other  transforma- 
tions posscssing  this  property, 

It  is  évident  from  the  character  of  the  transformations  contained 
inGjjj  that  the  group  contains  four  cyclic  sub-groups  of  order  3 
and  nine  cyclic  sub  groups  of  order  2.  G^^  also  contains  a  sub- 
group  Gç  of  order  6  and  one  Gj,  of  order  9.  Thèse  are  given  as 
follows: 

X,-  -X,   X,    Z.   y,    y,    z, 

Go    yr-y»  z»  y»  x,  z,  x,^--G3+3Gg.  (14) 

z^^^^^z,    y,   X,   z,   X,   y, 

Ail  transformations  of  this  group  are  real;  one  is  of  order  i,  three 
of  order  2  and  two  of  order  3.     The  group  G^  is  as  follows: 

x,=rx,     X,       X,  y,   z,       y,        z,       y,     z, 
^u-—y\—y>    ^y*    ^^^y»    z,    x,       az,    a^X,    a^Z,    ax.^EE4G3. 
Z,=Z,  a^z,      aZ,    X,    y,    a*X,     ay,       aX,    a^y, 
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This  group  contains  one  transformation  of  order  i  and  eight  of 
order  3. 

Theorcm  i. — Every  transformation  of  the  group  Gj^  transforms 
into  itself  every  cubic  of  the  pencil  C-f6mH=o,  where  H  is  the 
Hessian  of  C;  G,  y  contains  (i)  one  transformation  of  order  i,  (2) 
nine  transformations  of  order  2,  (3)  eight  transformations  of  order 
3.     Thèse  are  as  follows: 

(i).     The  identical  transformation. 

(2).  Each  of  the  nine  points  of  inflection  and  its  corresponding 
harmonie  polar  are  the  vertex  and  axis  respectively  of  a  perspective 
transformation  of  order  2. 

(3).  Each  of  the  four  inflectional  triangles  is  the  invariant  tri- 
angle of  a  pair  of  inverse  transformations  of  type  I  and  order  3. 

§5.    The  Group  G54  (1). 

As  remarked  above,  the  group  Ggjg  contains  four  sub-groups 
Gg^Ci),  (i=i,  2,  3,  4),  one  for  each  equianharmonic  cubic.  We 
begin  with  the  most  simple  one,  which  has  for  invariant  figure  the 
triangle  of  référence  xyz=o  and  the  cubic  x^-\-y^-\-z^=o.  This 
group  Gj^  contains,  of  course,  the  eighteen  transformations  of 
G,8  and  hence  thirty-six  other  transformations  which  we  must 
investigate. 

Since  x^-fyS-f z^  is  an  invariant  of  our  group  it  is  évident  that 
the  group  contains  ail  transformations  of  the  form  of  those  con- 
tained  in  G,  g,  where  x,  y,  and  z  are  interchanged  in  ail  possible 
ways  and  combined  with  the  coefficients  a,  a^,  a^,  in  ail  possible 
ways. which  give  rise  to  différent  transformations.  We  can  readily 
Write  down  a  table  of  ail  such  transformations,  and  we  find  that  it 
contains  just  fifty-four  transformations  and  no  more.  Thèse,  then, 
constitute  the  group  Gg^.  The  table  is  as  follows,  in  which  the 
number  placed  above  each  formula  indicates  the  order  of  the 
transformation: 
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I 

3 

3 

3 

3 

3 

3 

3 

3 

x,=x, 

X, 

X, 

a«X, 

ax, 

X, 

X, 

X, 

X 

yi=y. 

«y. 

a*y, 

y. 

y. 

a«y, 

«y. 

y. 

y 

z,=z, 

a«y, 

OZ, 

z, 

z, 

z, 

z, 

a«Z, 

aZ 

X,=X, 

X, 

X, 

a»X, 

ax, 

X, 

X, 

X, 

X 

y,=z. 

OZ, 

a«Z, 

Z, 

Z, 

a«Z, 

aZ, 

z, 

Z 

z.=y, 

-*y. 

"y. 

y. 

y. 

y. 

y. 

a«y, 

ay 

2 

2 

2 

6 

6 

6 

6 

6 

6 

x,=z. 

Z, 

Z, 

a«Z. 

aZ, 

z. 

z, 

z, 

z 

y,=y. 

ay» 

a«y. 

y. 

y. 

«V. 

iy, 

y- 

y 

z,=x, 

a«X, 

ax, 

X, 

X, 

X, 

X, 

a«X, 

ax 

2 

2 

2 

6 

6 

6 

6 

6 

6 

x,=y, 

y» 

y. 

a«y, 

«y. 

y. 

y. 

y. 

y 

y,=x, 

ax, 

a»X, 

X, 

X, 

a«X, 

ax, 

X, 

X 

z,=z, 

a^Z, 

aZ, 

z, 

z, 

z, 

2. 

a«Z, 

OZ 

3 

3 

3 

3 

3 

3 

3 

3 

3 

x,=y, 

y» 

y. 

a»y. 

ay. 

y. 

y. 

y. 

y 

y.=z, 

aZj 

o*Z, 

z. 

z, 

a«Z, 

aZ, 

z, 

Z 

z,=x, 

a'x, 

ax, 

X, 

X, 

X, 

X, 

a«X, 

aX 

3 

3 

3 

3 

3 

3 

3 

3 

3 

x,=z, 

Z, 

z, 

a*Z, 

aZ, 

z, 

Z, 

z, 

Z 

y.=x, 

OX, 

a»X, 

X, 

X, 

a*X, 

ax, 

X, 

X 

z,=y, 

a*y, 

«y. 

y. 

y. 

y. 

y. 

a«y, 

ay 
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We  observe  that  the  eighteen  transformations  given  in  the  first 
three  columns  of  the  table  form  the  group  Gjg  discussed  above. 
We  shall  find  that  of  the  thirty-six  remaîning  transformations 
eighteen  are  of  order  3  and  eighteen  of  order  6;  we  shall  further 
find  that  there  are  two  distinct  varieties  of  thèse  transformations  of 
order  3. 

We  first  consider  the  last  six  transformations  of  the  first  row  of 


the  table.  Take  first  the  transformation  }  yi=y;  it  evidently 
leaves  invariant  each  side  of  the  triangle  of  référence.  It  may  also 
be  written  in  the  form  J  ay,  from  which  we  see  that  the  cross-ratios 


along  the  sides  y  and  z  are  each  equal  to  a  and  that  along  x  is 
unity.  The  transformation  is,  therefore,  of  type  IV,  the  axis  of 
invariant  points  being  x=o;  and  the  single  invariant  point  or  vertex 
being  the  point  (1,0,  o),  the  opposite  vertex  of  the  invariant  tri- 
angle.    This  transformation  is  evidently  of  order  3;  its  inverse  is 

(ax 
also  its  square  viz:  J  y.     In  like  manner  it  is  seen  that  the  two  inverse 


(ax 
nz:  J  y.     In 


transfornïïitions  <  a'y,    <  ay,  are  also  of  type  IV  and  of  order  3, 

(z,        (z 

the  axis  being  y=o  and  the  vertex  being  the  opposite  vertex  of  the 
triangle  of  référence.     A  similar  results  holds  also  for  the  pair 

X 

y.      We  hâve  thus  found  six   perspective   transforma- 
az 

tions,  each  of  order  3;  thèse  are  easily  identified  with  the  last  six 

transformations  of  the  first  row  of  the  table. 

We  next  consider  the  fourth  transformation  of  the  second  row  of 


\l*z,      \ 


(o»X 

■■■\y 


the  table,  viz:  ^  z.     Calling  it  T  we  hâve, 


a'x,  ax,  X,  a*x,  ax,  X, 

T=z,     T«=y,     T»=z,     T*=y,     T»=z,     T«=y,=i.       (15) 
y  z  y  z  y  z 

The  transformation  T  is  therefore  of  order  6;  T*  and  T*  are  of 
order  3  and  T^  is  of  order  2.  T»,  T«,  T*  hâve  been  studied  above 
and  their  characteristics  are  already  known. 

T  and  its  inverse  T*  are  now  to  be  investigated,     The  invariant 
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triangle  of  T  is  found  by  putting  x,,  y^,  and  z^  equal  to  x,  y,  and 
z  respectively.  We  thus  find  that  the  sides  of  the  invariant  tri- 
angle are  x=o,  y — z=o,  and  y+z=o.  Solving  thèse  équations  we 
find  the  vertices  of  the  invariant  triangle  to  be  A=(o,i, — i), 
B=(i,o,o),  C=(o,  i,i).  Thus  one  vertex,  A,  of  the  invariant  tri- 
angle is  a  point  of  inflection  and  the  opposite  side  is  its  harmonie 
polar.  One  vertex  of  the  inflectional  triangle,  xyz=o,  lies  on  this 
harmonie  polar,  viz:  (i,o,o);  the  opposite  side,  x=o,  eompletes 
the  invariant  triangle.  The  position  of  the  invariant  triangle  is 
thus  eompletely  determined. 

The  cross-ratios  along  the  sides  AB,  BC,  CA  of  the  invariant 
triangle  are  respeetively  — a*,  a,  — i.  This  may  be  verified  by 
writing  down  the  eross-ratios  of  the  first  six  powers  of  T,  assuming 
T  to  be  given  by  —a*,  a,  — i.     Thus 


AB 

BC 

CA 

T=-a*, 

<h 

— i; 

T»=a. 

a». 

T»=-I, 

I, 

— i; 

T*=a*. 

o. 

T»=-a. 

a*, 

— i; 

T«  =  I, 

I, 

I, 

(i6) 


T*  and  T^  are  thus  shown  to  be  transformations  of  type  IV  and 
order  3,  having  an  identieal  transformation  along  the  side  CA. 
T'  is  of  type  IV  and  order  2,  having  an  identieal  transformation 
along  BC. 

The  transformation  T  may  be  written  down  by  means  of  formulas 
(10)  as  foUows: 


px,= 


X 

y      z 

0 

X 

y 

z 

0 

0 

1   — I     0 

0          I 

—  z 

z 

I 

0          0    -:-a* 

) 

>yi= 

I         0 

0 

0 

0 

I           I         0 

0       z 

z 

— z 

X       y 

z 

0 

0       I 

— I     • 

— z 

pz,= 

I       0 

0 

0 

• 

0 

Z 

z 

— z 
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Hence  we  have  f)Xj= — 2a*x,  f)yi= — 2z,  /bz,:=— 2y;  or 


(x,=a«j 
^y,=z. 


We  have  seen  hovv  the  two  transformations  T  and  T*  are  related 
to  the  point  of  infiection  A.  In  like  manner  there  are  two  trans- 
formations of  order  6  related  in  the  same  way  to  each  of  the  nine 
points  of  infiection.  We  have  thus  eighteen  transformations  of 
order  6.  Their  équations  may  readily  be  found  from  their  known 
invariant  triangles  by  means  of  formulas  (lo).  Thèse  eighteen 
transformations  are  ail  given  in  rows  2,  3,  and  4,  of  the  table. 

There  still  remain  to  be  investigated  the  twelve  transformations 
found  in  the  last  six  places  in  rows  5  and  6.     Take,  for  example, 


(x,=a«y 
(z,=x 


y,=z     and  dénote  it  by  S.     Taking  the  powers  of  S  we  find 


a*y,  a*z,  z,  a*X 

S=     z,     S*=     x,      or     ax,     S'=a'y=i,      S  and  S*  are  thus  of 
x,  a«y,  y,  tt«z 

order  3.     We  proceed  to  find  the  vertices  of  the  invariant  triangle 

x=a*y 
of  S  by  solving  the  équations  y=z.     We  find  the  coôrdînates  of 

z=x 

the  invariant  points  to  be  A=(i,X«,X*),  B=(i,XSA''),  'C=(i,X«,X), 
where  X  is  an  irreducible  gth  root  of  unity.  Since  i+X'+^*=o» 
it  follows  that  thèse  points  ail  lie  on  the  cubic  x' -|-y'+z5=o.  It 
may  easily  be  verified  that  the  tangent  to  this  cubic  Â  cuts  the 
cubic  again  at  B;  the  tangent  at  B  cuts  again  at  C;  and  the  tangent 
at  C  cuts  the  cubic  again  at  A.  Hence  the  cubic  is  both  inscribed 
and  circumscribed  to  the  triangle  ABC. 

In  order  to  détermine  the  number  of  such  triangles  both  inscrib- 
ing  and  circumscribing  the  cubic,  x'4-y'+z^=o,  we  write  down 
the  tangent  at  the  point  x',  /,  z';  viz:  xx'«+yy'*+zz'*=o.  If  this 
passes  through  the  point  x",  y",  z",  we  have  x'V*+y"y'^+z"z'«=o; 
and  similar  results  for  the  other  points.  Thus  we  have  six  équa- 
tions, viz: 

x"x'«+y'y'+z"z'*=o,  x'3+y'3^z'a=,o,  . 

x"V'«  -f  y"'y"«  -f  z'"z"«=o,  x"»  +y"»  +2"»=o,  (17) 

xV"«  +y'y'"»  +z'z"'»=o,  x'"3  +y'"s  +  z'"3=o, 

from  which  to  détermine  the  coôrdinates  of  the  invariant  points. 
Thèse  équations  have  eighteen  solutions;  hence  there  are  six  such 
triangles.     The  coôrdinates  of  thèse  eighteen  points  are  as  follows: 
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(  I,    X»,    A*  )  (  I,    \\    \»)  (  I,    X»,    X*  ) 

^i,  X»,  x'V,       -^i,  X.    x»V,       ^i,  X»,  X' V, 

(  I.  X«,  X    )  (  I,  X*,  X»  )  I  I,  X»,  X    ) 

(  I,  X,     X»  )  (  1,  X»,  X    )  (  I,  X,     X»  ) 

\  I,  X*.  X»  V,       \  1.  X»,  X*  V,       ]  I,  x*.  X»  V. 

I  I.  X',  X«  )  (  I,  X»,  X'  )  (  I.  X^  X»  ) 

Each  of  thèse  triangles  is  the  invariant  triangle  of  two  transfor- 
mations of  order  3.  Thus  we  hâve  twelve  transformations  of  tbis 
variety.  The  équations  of  thèse  twelve  transformations  may  be 
written  down  by  means  of  formulas  (10).     We  give  one  example: 


^1 


or 


li: 


X       y        z 

0 

X 

y 

z       0 

I       X        X»       I 

I       X 

X*     X 

1       X'       X»        a 

t 

pyi= 

I       X' 

X»     X'o 

y 

I       X*        X»        a» 

^ 

I       X* 

X»     X*a« 

X       y 

z       0 

I       X 

X»     X 

^z,= 

I       X» 
I       X* 

X»     X»a 
X»     X»o» 

t0px,=3X(a- 

Hl*)Z 

>py 

,=3V 

(«- 

*»)x,pz,=3X*(«- 

")y 


=x. 

=y 


The  eleven  others  are  obtained  in  like  manner. 


The  following  sub-groups  of  G^^  may  be  noted:  G^g  is  an  in- 
variant sub-group;  the  nine  transformations  in  the  first  row  of  the 
table  form  a  group  G,.  This  group  leaves  invariant  ail  three 
sides  of  the  triangle  xyz=o.  The  first  and  second  rows  of  the 
table  constitute  a  group  xG^^,  which  leaves  invariant  the  side  x=o. 
In  like  manner  the  first  and  third  rows  and  the  first  and  fourth 
rows  form  groups  yG^^  and  zG^g,  whose  invariants  are  respectively 
y=o  and  z=o.     Rows  i,  5  and  6  form  a  group  G,,. 

§6.    The  Groups  G54(i)  (1=2,3,4)- 

Having  determined  the  structure  and  properties  of  the  group 
^6  4  (^)  w®  can  readily  find  from  this  the  structure  and  properties 
of  its  équivalent  groups  G^^Ci)  (i=2,3,4).  We  shall  first  confine 
our  attention  to  the  group  G^^Ca). 
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We  observe  that  the  eighteen  transformations  given  in  the  first 
three  columns  of  the  table  form  the  group  G,  g  discussed  above. 
We  shall  find  that  of  the  thirty-six  remaining  transformations 
eighteen  are  of  order  3  and  eighteen  of  order  6;  we  shall  further 
find  that  there  are  two  distinct  varieties  of  thèse  transformations  of 
order  3. 

We  first  consider  the  last  six  transformations  of  the  .first  row  of 


the  table.  Take  first  the  transformation  ^  yj=y;  it  evidently 
leaves  invariant  each  side  of  the  triangle  of  référence.  It  may  also 
be  written  in  the  form  J  ay,  from  which  we  see  that  the  cross-ratios 


along  the  sides  y  and  z  are  each  equal  to  a  and  that  along  x  is 
unity.  The  transformation  is,  therefore,  of  type  IV,  the  axis  of 
invariant  points  being  x=o;  and  the  single  invariant  point  or  vertex 
being  the  point  (i,  o,  o),  the  opposite  vertex  of  the  invariant  tri- 
angle.    This  transformation  is  evidently  of  order  3;  its  inverse  is 

f  ax 
also  its  square  viz:  J  y.     In  like  manner  it  is  seen  that  the  two  inverse 


fax 
y.     In 


transformations  <  a*y,    -l  ay,  are  also  of  type  IV  and  of  order  3, 

(  z,        (  z 

the  axis  being  y=o  and  the  vertex  being  the  opposite  vertex  of  the 
triangle  of  référence.     A  similar  results  holds  also  for  the  pair 


jx,         jx 

(  a*Z,         (  aZ 


We  hâve  thus  found  six   perspective   transforma- 
az 

tions,  each  of  order  3;  thèse  are  easily  identified  with  the  last  six 
transformations  of  the  first  row  of  the  table. 

We  next  consider  the  fourth  transformation  of  the  second  row  of 


(a«x 
5:  <  z. 

(y 


the  table,  viz:  <  z.     Calling  it  T  we  hâve, 


a'x,  ax,  X,  a'x,  ax,  X, 

T=z,     T«=y,     T»=z,     T*=y,     T«=z,     T«=y,=i.       (15) 
y  z  y  z  y  z 

The  transformation  T  is  therefore  of  order  6;  T*  and  T^  are  of 
order  3  and  T*  is  of  order  2.  T»,  T*,  T*  hâve  been  studied  above 
and  their  characteristics  are  already  known. 

T  and  its  inverse  T^  are  now  to  be  investigated,     The  invariant 
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(  I,  X»,  XM             (I,  X',  X»  )  (I,  X»,  X*  ) 

\  I,  X»,  X'  V,         -^  I,  X,  X»  ]■,  \  i,  X»,  X'  V, 

(  1,  X»,  X   )             (  I,  X*.  X»  )  (  I,  X»,  X    ) 

(  I,  X»,  X    )  (  I,  X,     X»  ) 

{ 1,  x«,  X*  V.  \  1,  xs  x"  y. 

(  I,  X»,  xM  [i.  X',  X»  ) 


Each  of  thèse  triangles  is  the  invariant  triangle  of  two  transfor- 
mations of  order  3.  Thus  we  hâve  twelve  transformations  of  this 
variety.  The  équations  of  thèse  twelve  transformations  may  be 
written  down  by  means  of  formulas  (10).     We  give  one  example: 


px,= 


X 

y      z 

0 

X 

y 

z      0 

I 

X        X«       I 

I 

X 

X«     X 

I 

X'         X»         a 

1 

pyi= 

I 

x^ 

X»      X'a 

I 

X*         X»         a» 

* 

I 

X* 

X»     \*a* 

X       y 

Z        i 

3 

I       X 

X«     X 

pzi  = 

I       X' 

X*     X»a 

• 

I 

X* 

X»      X^a» 

Thèse  reduce  topx,  =3X(a — a*)z,  py^  =3X*(a — a*)x,  pz^  =3X*(o — a*)y 


or 


(x,=a«z 

^y,=x. 

(zi=y 


==x.       The  eleven  others  are  obtained  in  like  manner. 


The  following  subgroups  of  G,^  may  be  noted:  Gj^  is  an  in- 
variant sub-group;  the  nine  transformations  in  the  first  row  of  the 
table  form  a  group  Gg.  This  group  leaves  invariant  ail  three 
sides  of  the  triangle  xyz=o.  The  first  and  second  rows  of  the 
table  constitute  a  group  xG,g,  which  leaves  invariant  the  side  x=o. 
In  like  manner  the  first  and  third  rows  and  the  first  and  fourth 
rows  form  groups  yG^g  and  zG^g,  whose  invariants  are  respectively 
y=o  and  z=o.     Rows  i,  5  and  6  form  a  group  G,,. 

§6.    The  Groups  G54(i)  (1=2,3,4). 

Having  determined  the  structure  and  properties  of  the  group 
^6  4  (')  ^^  ^^^  readily  find  from  this  the  structure  and  properties 
of  its  équivalent  groups  G^^(i)  (i=2,3,4).  We  shall  first  confine 
our  attention  to  the  group  G^^(a). 
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We  observe  that  the  eighteen  transformations  given  in  the  first 
three  columns  of  the  table  form  the  group  G^g  discussed  above. 
We  shall  find  that  of  the  thirty-six  remaining  transformations 
eighteen  are  of  order  3  and  eighteen  of  order  6;  we  shall  further 
find  that  there  are  two  distinct  varieties  of  thèse  transformations  of 
order  3. 

We  first  consider  the  last  six  transformations  of  the  .first  row  of 

the  table.     Take   first   the   transformation  -{  y j:=y;     it    evidently 


(x,=»»x 


leaves  invariant  each  side  of  the  triangle  of  référence.     It  may  also 

be  written  in  the  form  J  ay,  from  which  we  see  that  the  cross-ratios 

(  az 
along  the  sides  y  and  z  are  each  equal  to  a  and  that  along  x  is 
unity.  The  transformation  is»  therefore,  of  type  IV,  the  axis  of 
invariant  points  being  x=o;  and  the  single  invariant  point  or  vertex 
being  the  point  (1,0,0),  the  opposite  vertex  of  the  invariant  tri- 
angle.    This  transformation  is  evidently  of  order  3;  its  inverse  is 

i  aX 
also  its  square  viz: }  y.     In  like  manner  it  is  seen  that  the  two  inverse 


fax 
y.     In  li 


transformations  -l  a»y,    ^  ay,  are  also  of  type  IV  and  of  order  3, 

(z,        (z 

the  axis  being  y=o  and  the  vertex  being  the  opposite  vertex  of  the 
triangle  of  référence.     A  similar  results  holds  also  for  the  pair 

X 

y.      We  hâve  thus  found  six   perspective   transforma- 
aZ 

tions,  each  of  order  3;  thèse  are  easily  identified  with  the  last  six 
transformations  of  the  first  row  of  the  table. 

We  next  consider  the  fourth  transformation  of  the  second  row  of 
•x 
the  table,  viz:  J  z.     Calling  it  T  we  hâve, 


\Ih.   \ 


'■\y 


a'x,  aX,  X,  a'x,  ax,  X, 

T=z,     T«=y,     T»=z,     T*=y,     T»=z,     T«=y,=i.       (15) 
y  z  y  z  y  z 

The  transformation  T  is  therefore  of  order  6;  T*  and  T*  are  of 
order  3  and  T*  is  of  order  2.  T»,  T*,  T*  hâve  been  studied  above 
and  their  characteristics  are  already  known. 

T  and  its  inverse  T'  are  now  to  be  investigated,     The  invariant 
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are  the  vertex  and  axis  respectively  of  a  pair  of  inverse  perspective 
transformations  of  order  3. 

(3).  Each  of  the  six  triangles  both  inscribed  and  circumscribed 
to  the  equianharmonic  cubic  i  is  the  invariant  triangle  of  a  pair  of 
inverse  transformations  of  type  I  and  order  3. 

(4).  Each  of  the  nine  triangles,  k,  (k=x  .  .  9),  described  below, 
is  the  invariant  triangle  of  a  pair  of  inverse  transformations  of  type 
I  and  order  6.  A  point  of  inflection  k  and  its  corresponding  har- 
monie polar  form  one  vertex  and  the  opposite  side  of  the  invariant 
triangle;  that  vertex  of  the  inflectional  triangle  i  which  is  on  this 
harmonie  polar  and  that  side  of  the  triangle  i  which  passes  through 
the  point  of  inflection  k  complète  the  invariant  triangle. 

§7.    The  Group  Gse  (1). 

It  was  pointed  out  in  §2  that  the  group  G^^^  contains  three 
équivalent  sub-groups  G3j(j)  (j=i,2,3),  one  corresponding  to  each 
pair  of  harmonie  cubics  in  the  pencil  C-f-6kH=ro.  We  fîrst  take 
up  the  group  G30  (i),  which  leaves  invariant  the  pair  of  cubics 

given  by  m= =J- —  in  the  pencil  x^+y'z'+6mxyz=o. 

2  • 

We  learned  in  §6  that  the  transformation 

px,=x+y+z, 
T^pyi=z+ay+a«z, 
/iz,=x+a«y+az' 

transforms  the  cubic  x*-^y"+z'=o  into  x*+y'+z'-f-6xyz=o.  If 
we  make  the  substitution  T  in  cubic  (2)  we  find  that  it  is  trans- 
formed  into  (i);  thus  T  interchanges  the  two  equianharmonic 
cubics  (i)  and  (2).  It  may  also  be  verified  thatT  interchanges 
the  equianharmonic  cubics  (3)  and  (^4).  If,  however,  we  make  the 
substitution  T  in  the  pair  of  harmonie  cubics 

xS+y«+z>+6mxyz=o,  (m=^— ^^)  (25) 

we  find  that  both  of  thèse  cubics  remain  invariant.  Thus  T  is  a 
transformation  belonging  to  the  group  G^^Q),  since  it  leaves  invari- 
ant a  pair  of  harmonie  cubics. 

Since  T  interchanges  the  equianharmonic  cubics  (i)  and  (2),  T* 
must  leave  both  of  them  invariant;  hence  T*  is  a  transformation  of 

the  group  G,,.     We  readily  find  T=s-lz.     We  fôund  in  §4  that 


-If 


NEWSON:    COLLINEATIONS    in    THE    PLANE.  29 


tiOD    < 

{ 


X 

the  transformation  -^  z  is  a  perspective  transformation  of  order  2; 

y 

hence  T  is  of  order  4.     T^  is  the  inverse  of  T  and  is  gîvea  by 

px^=x+y+z, 
T^=py,=x+a*y+z,  (26) 

pz,=x+ay-f-a*z. 

The  vertex  of  the  perspective  transformation  T*  is  the  point  of 
inflection  A^o,  i, — i),  and  its  axis  is  the  harmonie  polar  of  A, 
viz:  y — z=o.  Hence  the  other  two  invariant  points  B  and  C  of  T 
are  on  the  line  y — z=o.  To  find  B  and  C  we  proceed  as  folio ws: 
Assume  the  coôrdinates  of  B  to  be  (i,a,a);  thèse  satisfy  y — z=o. 
Substitute  thèse  assumed  coôrdinates  of  B  in  T  and  we  must  get 
again  (i,a,a).     Substituting  we  hâve 

px^=i  +  2a 

/iy,=i+aa+aa*;  (27) 

pz,=l+aa*  +  att 

wbence  — ; ; ï=a;  solving  for  a  we  find  a=: =i— A .      Since 

i-faa+aa*  2 

we  hâve  found  two  values  of  a,  it  follows  that  we  hâve  the  coôrdi- 
nates of  both  B  and  C.     The  invariant  triangle  of  T  is  therêfore 

0,         I,  —I 

given  by  (  '        2  2  We  may  check  the  correctness 

iT     -^-^1    3>        i-l    3 

l''         2  2      '~ 

of  this  resuit  by  using  thèse  values  in  formulas  (10)  along  with 
k=i  and  k'= — i.     We  deduce  thereby  the  transformation  T. 

The  invariant  points  B  and  C  are  somehow  related  to  the  har- 
monie cubics  of  équation  (25).  We  readily  fînd  that  the  point  B 
is  on  the  cubic 

a_.2ix-^  _,  ^3  ^  yj~i'6l  --       ixyz=, 

and  C  is  on  the  cubic 

b^x3+y3  +  z3+  6r~'"^^%yz=o. 

The  six  points  in  which  the  line  y — z=o  cuts  tbç  tWQ  Cubics  a  and 
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b  are  in  învolution,  and  the  invariant  points  B  and  C,  one  on  each 
cubic,  constitute  the  double  points  of  the  involution^  The  otliêr 
two  points  on  each  cubic  form  pairs  of  points  in  the  involution. 
The  transformation  T^  evidently  has  the  same  invariant  triangle 
as  T. 

We  hâve  now  seen  how  the  two  transformations  T  and  T*  of 
order  4  are  related  to  the  point  of  infiection  A  and  the  pair  of  har- 
monie cubics  a  and  b.  It  may  be  shown  in  the  same  way  that 
there  are  two  transformations  of  order  4  related  in  the  same  manner 
to  each  of  the  nine  points  of  infiection  and  the  cubics  a  and  b. 
The  invariant  triangle  having  one  vertex  at  any  given  point  of  in- 
fiection may  easily  be  found  and  the  corresponding  transformations 
written  down  by  means  of  formulas  (10).  In  this  way  we  see  that 
there  are  eighteen  transformations  of  order  4,  each  of  which  leaves 
invariant  the  pair  of  harmonie  cubics  a  and  b.  Thèse  eighteen 
transformations,  together  with  G^g,  constitute  the  group  G^^ 
which  we  set  out  to  investigate. 

§8.    The  Groups  Gae  (2)  and  G35  (3) 

The  three  groups  Ggj(j)  (j=i,2,3)  are  eqivalent  sub-groups  of 
G|if  and  hence  are  similar  in  structure.  Knowing  the  structure 
of  Gge  (i)  we  infer  at  once  the  structure  of  the  other  two  groups. 
Take  the  group  whose  invariants  are  the  pair  of  harmonie  cubics 


Ci 

and 


^^x« +y  » +z5 + 6a/— i±i^^xvz=o, 

d^x»  +y  »  +z»  +6a(~'~^^^^xyz=o. 

The  eighteen  transformations  of  order  4  are  distributed  so  that  two 
of  them  correspond  to  each  point  of  infiection.  The  invariant  tri- 
angle of  such  a  pair  of  transformations  consists  of  a  point  of  infiec- 
tion A  and  the  pair  of  double  points  in  the  involution  which  the 
harmonie  polar  of  A  euts  from  the  two  cubics  e  and  d. 

We  shall  hère  follow  out  one  example.  Take  the  point  of  infiec- 
tion A=(o,i, — i);  its  harmonie  polar  is  y — z=:o.  The  double 
points  of  the  involution  eut  from  the  cubics  c  and  d  by  y — z=ro  are 

found    to  be    B=l,  a(~^^^^\     af'^"^'    ^^and 


.0  be  B=,,  «(litjà),    <■;'') 
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B  is  on  the  curve  d  and  C  on  c.     By  means  of  formulas  (lo)  we 
jànd  the  corresponding  inverse  pair  of  transformations  to  be 


pxj=a«x+y+z 
pyj=ax+y+az     and 
pZj=ax+ay+z 


'a«x+y+z 
ax+ay+z  (28) 

aX-fy+aZ. 


Âll  other  transformations  of  order  4  in  this  group  may  be  obtained 
in  the  same  way. 

The  group  G^^  (2)  may  also  be  obtained  from  Gj^  (i)  by  trans- 
forming  the  latter  by  some  transformation  that  changes  the  har- 

(  AX 

monic  cubics  a  and  b  into  c  and  d.      S^J  y   is  such  a  transforma- 


{ax 


tion.  By  substituting  the  coôrdinates  of  the  vertices  of  the  invariant 
triangles  of  Gj^  (i)  in  S  we  obtain  those  of  G^^  (2).  The  opéra- 
tion STS"^  applied  to  the  transformations  of  G^^  (i)  give  those  of 
G,.  (2)- 

The  group  Gjj    (3)    may   be    obtained   in  the  same  way   from 

ra«x 

^3  6  (')  ^y  using  the  transformation -<  y     with  the  transformations 

(z 

of  G3,  (i);  a  detailed  discussion*is  not  necessary.  • 

Theorem  j. — Every  transformation  of  the  group  G3 ^(j)  (j=i,2,3) 
leaves  invariant  a  pair  of  harmonie  cubics  j;  Gg^CJ)  contains  the 
eighteen  transformations  of  G^^  and  also  eighteen  others  of  type  I 
and  order  4.  Each  of  the  nine  triangles  formed  by  the  point  of 
inilection  k  and  the  double  points  of  the  involution  which  the  har- 
monie polar  of  k  cuts  from  the  pair  of  harmonie  cubics  j  is  the 
invariant  triangle  of  a  pair  of  inverse  transformations  of  type  I  and 
order  4. 

§9.    The  Group  G72. 

The  three  groups  G3  j(j)  (j=i,2,3)  contains  in  ail  fifty-four  trans- 
formations of  order  4.  Thèse,  together  with  the  eighteen  of  the 
group  Gjg,  constitute  the  group  G^^.  This  group  G.,,  contains 
therefore  no  new  transformations;  aceordingly  we  shall  not  con- 
sider  this  group  at  length.  Thèse  fifty-four  transformations  of 
order  4,  added  to  the  162  determined  above  and  found  in  the  four 
groups  G^ 4 (i)  (1=1,2,3,4),  give  the  216  transformations  of  G,j,. 
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§10.  Conclusion. 

The  transformations  contained  in  the  group  G,|q  may  be  dîvided 
into  three  classes  as  foUows:  (i)  the  eighteén  transformations  be- 
longing  to  the  Group  G^g;  (2)  the  144  transformation  in  the  four 
groups  Gj^Ci)  and  not  belonging  to  G,,;  (3)  the  fifty-four  trans- 
formations in  G,,!  not  belonging  to  G^g. 

The  cubics  of  the  pencil  C-f  6kH=o  are  distributed  into  sets  of 
twelve  each,  such  that  each  set  of  twelve  cubics  is  an  invariant  of 
the  group  G,] g.  Each  set  of  twelve  is  divided  into  four  sub-sets 
of  three  cubics  each;  thus:  mj,  amj,  a^mi,  (i=t, 2,3,4)  where  the 
ra's  are  the  roots  of  équation  (3). 

The  effect  of  a  transformation  of  the  first  class  is  to  transform 
every  cubic  of  the  pencil  C+6kH=o  into  itself.  The  effect  of  a 
transformation  of  the  second  class  is  to  cyclicaUy  interchange  the 
three  cubics  of  one  sub-set  in  each  set  of  twelve  and  to  cyclically 
interchange  the  other  three  sub-sets.  As  a  spécial  case  of  this  one 
of  the  equianharmonic  cubics  is  invariant  and  the  other  three  are 
cyclically  interchanged;  also  one  of  the  inilectional  triangles  is 
invariant  and  the  other  three  is  cyclically  interchanged.  The  three 
pairs  of  harmonie  cubics  are  cyclically  interchanged  by  a  trans- 
formation of  this  class.  A  transformation  of  the  third  class  inter- 
changes by  twos  the  four  equianharmonic  cubics  and  also  inter- 
changes by  twos  the  four  infiectional  triangles.  It  leaves  invariant 
one  pair  of  harmonie  cubics  and  interchanges  the  other  two  pairs. 

Since  the  Hessian  of  a  cubic  is  a  covariant  of  the  cubic,  every 
transformation  that  leaves  a  cubic  invariant  must  leave  its  Hessian 
also  invariant.  Thus  every  transformation  of  the  fîrst  class  leaves 
both  cubic  and  Hessian  invariant.  The  Hessian  of  an  equianhar- 
monic cubic  is  its  corresponding  inilectional  triangle.  Thèse  are 
invariant  together  under  a  transformation  of  the  second  class. 
The  Hessian  of  a  harmonie  cubic  is  the  other  harmonie  cubic  of 
the  same  pair;  thèse  are  invariant  together  under  a  transformation 
of  the  third  class. 


PLATE  I. 

Fig.  I.  Taenopteris  newberriana{?),  Natural  size.  No.  5000. 
Univ.  of  Kans. 

Fig.  la.  Sears,  fungî(?).  On  the  rachis  of  T,  newberriana{J\ 
Times  3.     No.  5000. 

Fig.   2.     Vensition  oî  T.  newâerriana{^).      Times  2.      No.  5001. 

Fig.  3.  Sporangia,  like  bodies  between  the  veins  of  same. 
Times  2.     No.  5003. 

Fig.  4.  One  of  the  bodies  showing  slit  on  the  side.  Enlarged. 
Times  30. 

Fig.  5.     Another  with  slit  acro^s  the  top.     Times  30. 

Fig.  6.  Bodies  between  the  veins  of  T,  coriacea,  Times  2. 
Taken  from  spécimen  Fig.  3,  Plate  IV. 

Fig.  7.     T,  newbernana^f  ?)     Natural  size.     No..50o6. 

Fig.  8.  Venation  of  T.  coriacea  near  the  base  of  the  frond. 
Times  2. 

Fig.  9.     Venation  of  the  same  species  near  the  apex.     Times  2. 

Fig.  10.  Sporangium(?)  of  T,  coriacea,  Times  30.  From  Fig. 
3,  Plate  IV. 

Fig.   II.     Same,  showing  slit  across  the  top.     Times  30. 

Fig.  12.  Cavity  from  which  the  sporangium(?)  has  been  re- 
moved.     Times  30. 

Fig.  13.  Venation  of  T.  ncwbernana{?)  near  the  apex.  Times 
2.     From  Fig.  i,  Plate  L 

Fig.   14.      T.  sp.     Natural  size.     No.  5008. 
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PLATE  I. 


PLATE  II. 

Fig.   I.      Taeniopteris  coriacea,     Natural  size.     No.  5022. 
Fig.  2.     Same  species,  showing  fungi  like  scars  on  the  lamina. 
Natural  size.     No.  5023. 
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PLATE  II. 


PLATE   III. 

Fig.   I.      T,   coriacea    with  scars,    fuDgi(?)   on  the  rachis.     No. 
5002. 

Fig.   2.     Same  species,  apex  of  the  front.     No.  5024. 
Fig.   3.      T^  coriacea  var.  linearis  var.  n..     No.  5004. 
Fig.  4.     Same.     No.  5005. 
Ail  natural  size. 
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PLATE  IV. 

Fig.  I.  Tatnioptaris  coriacea,  A  small  frond,  slightly  reduced. 
No.  5025. 

Fig.  2.  T.  newberriana(jy  Fragment  showing  two  scars  on 
the  rachis  and  a  smaller  one  in  the  edge  on  the  lamina.     No.  5009. 

Fig.  3.  Fragment  of  a  small  frond  of  71  coriacea,  with  oval 
bodies  between  the  veins  and  casts  of  the  same.     No.  5026. 

Fig.  4.  T,  newberriana(^f)  near  the  base  of  the  frond.  No. 
5010.     Figures  2,  3,  and  4,  natural  size. 
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ON  THE  QSOUP  AND  SUBQSOUPS  OF  SEAL  OOLLINEA- 
TIONS  LEAVINQ  A  TETRAHEDRON  INVARIANT. 

BY   H.   B.   NÉWSON. 

The  real  ooUineations  in  space  which  hâve  the  same  invariant 
tretrahedron  are  mostly  of  type  I  ;♦  the  exceptions  will  be  noted  later. 
There  are  three  cases  to  be  considered  :  (  1  )  The  tetrahedron  is  real 
in  ail  of  its  parts  ;  (  2  )  the  tretrahedron  has  two  real  and  two  conjugate 
imaginary  vertices,  two  real  and  two  conjugate  imaginary  faces,  two 
real  and  two  pairs  of  conjugate  imaginary  edges  ;  (  3  )  ail  the  vertices 
and  faces  are  imaginary  in  conjugate  pairs,  while  two  of  the  edges 
are  real.    Thèse  three  cases  must  be  treated  separately. 

§1.    The   Group  with   Real  Invariant   Tetrahedron  and  its 
One-parameter  SubgrOups. 

The  Group hOt  {ABCB). — LetT  be  a  coUineation  of  type  I,  leav- 
ing  invariant  a  real  tetrahedron  (ABCD).  T  is  fuUy  determined  by 
the  positions  of  the  four  points  A,  B,  C,  D,  and  three  constant  cross- 
ratios  k,  k',  k".  Starting  from  the  vertex  A  we  take  for  k,  k',  k"  the 
cross-ratios  along  the  Unes  AB,  AC,  and  AD,  respectively.  The 
quantities  k,  k'  and  k"  are  independent  of  one  another,  and  vary  inde- 
pendently,  thus  giving  us  oo^  différent  coUineations,  ail  leaving  the 
four  points  A,  B,  C,  D,  separately  invariant.  Thèse  coUineations  or 
projective  transformations  f orm  a  three-parameter  group  hG»  (  ABCD  ) , 
the  parameters  being  k,  k',  k". 

Thborem  1.  The  aggregate  of  ail  coUineations  of  type  I  having 
the  same  invariant  tetrahedron  forma  a  three-parameter  group  hGs 
(ABCD). 

One-parameter  subgroups  ofhGz  {ABCD), — We  now  proceed  to 
show  that  the  group  hGs  (ABCD)  contains  a:?  one-parameter  sub- 
groups.    Let  us  assume  among  the  three  parameters,  k,  k,'  k,"  two 

•  For  the  types  of  coUineations  in  space,  see  Kan.  Univ.  Qaart.,  Séries  A»  vol.  IX,  pp.  58-67. 
8-K.U.Qr.    A-x2  [88]-K.U.Qr.-A  x  2-April, '01. 


34  KANSAS  UNIVERSITY  QUABTERLY. 

relations,  viz.,  k'=k^"'  and  k"=k^''+'*,  and  consider  only  thoBe  trans- 
formations which  satisfy  thèse  assumed  relations.  Thèse  two  rela- 
tions are  arrived  at  in  the  foUowing  manner  :  The  cross-ratio  along 
AB  is  taken  to  be  k,  and  that  along  BC  to  be  k''  ;  hence  that  along 
CA  is  ir^y  or  in  the  direction  AC,  it  is  k^''.  The  cross-ratio  along 
BC  is  now  k"';  let  that  along  CD  be  (k"')'*  or  k";  then  that  along 
DB  must  be  k'~'^,  in  order  that  the  produet  of  the  three  cross-ratios 
taken  in  the  same  order  round  the  triangle  should  be  unity.  Since 
the  cross-ratio  along  AB  is  k,  and  that  along  BD  is  k'*^,  that  along 
DA  must  equal  k'^"+^;  hence  that  along  AD  is  k^''+'*,whence  k"=k^"'+'*. 
The  three  cross-ratios  around  the  triangle  ACD  are,  respectively,  k^'', 
k**,  and  k"""*;  their  produet  is  evidently  unity.  We  now  hâve  the 
foUowing  useful  table  of  thèse  cross  ratios  : 

Along  AB  :  k. 
"      BC   :  k- 
"      CD  :  k«. 
"      DB  :  k'-". 
"      AC  :  k^-. 
"      AD  :  k^-^+". 

Suppose  that  k  be  allowed  to  vary  while  r  and  s  remain  constant  ; 
thèse  restrictions  sélect  from  the  three-parameter  group  hQs  (  ABCD) 
a  System  of  œ^  transformations  which  formsaone-parametersubgroup. 
To  show  this,  take  from  the  group  hGs  (ABCD)  two  transformations 
T  and  Ti,  which  hâve  the  same  values  of  r  and  s  but  différent  values  of 
k.  The  one-dimensional  transformations  along  the  edges  of  the  in- 
variant tetrahedron  in  the  above  order  and  directions  are  as  foUows  : 

T  :  k,  k',  k",  k'-^,  k^"',  ki-'+"; 
Ti  :  kl,  k^^  ki^  ki»^",  ki^"',  kii-^+". 

Their  résultant  T2  is  given  by 

Ta  :  kî,  k2-',  ka",  k2"\  W'^  k2^-'+'», 

where  ki=kki.  Thus  the  résultant  T2  is  a  transformation  having  the 
same  values  for  r  and  s  as  T  and  Tr,  thus  the  group  property  is  estab- 
lished,  and  the  parameter  of  the  group  is  k.  The  law  of  combination 
of  the  parameter  k  in  the  one-parameter  group  is  expressed  by  k2^=kki. 
There  is  a  one-parameter  group  in  hGs  (ABCD)  for  each  real 
value  of  r  and  s,  and  thus  we  see  that  the  three-parameter  group 
hGs  (ABCD)  con tains  00*  one-parameter  subgroups.  The  properties 
of  one  of  thèse  one-parameter  subgroups  are  readily  inferred  from  the 
analogous  cases  of  hyperbolic  one-parameter  groupa  in  one  and  two 
dimensions. 

Theorem  2.  The  three-parameter  group  hGg  (ABCD)  contains 
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00^  one-parameter  snbgronps.    Foreach  of  thèse  groupe  r  and  s  bave 
fixed  values  while  k  is  the  variable  parameter. 

Invariant  curves  and  surfaces  of  hO\  {ABCD)n» — The  one- 
parameter  group  hGi  (  ABCD)n  leaves  invariant,  besides  the  tetra- 
bedron  (  ABCD),  a  System  of  path  curves  which  are  usually  curves 
of  double  curvature  and  certain  Systems  of  surfaces  on  which  are  sit- 
uated  the  invariant  curves.  In  order  to  show  this  more  clearly  let  us 
consider  the  effect  on  a  single  point  P  any where  in  space  of  ail  the 
transformations  of  the  group  Gi.  Each  transformation  of  the  group 
transforms  the  point  P  to  some  otber  point  Pm.  Since  the  oo^  trans- 
formations in  the  group  form  a  continuons  System,  there  are  cx^  of 
thèse  points  Pm  which  form  a  continuons  curve,  viz.,  the  path  curve 
of  the  point  P. 

If  we  consider  in  this  way  the  effect  of  the  transformations  of  the 
group  on  ail  the  points  of  any  arbitrary  plane,  we  see  that  each  point 
of  the  plane  traces  a  curve.  Thus  there  are  ce?  of  thèse  path  curves 
invariant  under  ail  the  transformations  of  Gi.  Since  our  group  con- 
tains  ail  the  pseudo-transformations,  corresponding  to  the  values 
k=0  and  k=  oo,  it  foUows  that  our  path  curves  ail  pass  through  two 
vertices  of  the  invariant  tetrahedron,  but  not  through  the  other  two. 

If  a  surface  S  be  made  to  pass  through  œ^  of  thèse  path  curves  in 
such  a  way  that  every  point  on  each  of  thèse  cc^  path  curves  lies  on 
S  and  also  so  that  every  point  on  S  belongs  to  one  of  thèse  path 
curves,  then  such  a  surface  is  an  invariant  surface  of  the  group  Gi. 
We  can  best  détermine  thèse  invariant  surfaces  by  resorting  to  ana- 
lytic  methods. 

Eqvutions  of  invariant  surfaces  ofhOi  {ABCD)n. — Let  the  in- 
variant tetrahedron  (ÂBCD)  be  the  tetrahedron  of  référence  and 
let  T  be  a  transformation  of  the  group  Gi  which  transforms  a  point 
P  whose  coordinates  are  (x,  y,  z,  w)  to  Pi  whose  coordinates  are 
xi,  yi,  zi,  wi.  Pass  planes  through  CDP  and  CDPi;  let  thèse  eut 
AB  in  Q  and  Qi.  Then  we  hâve  the  cross-ratio  (  ABQQi)=k  ;  hence 
^:|^*=k.    Using  proportional  quantities,  we  hâve 

^.••V=k.  (1) 

In  like  manner  we  bave  the  équations 

^■i=k-',  (2) 

f^ï^"  (3) 

T=k-".  (4) 

f=k-\  (5) 

^=k"«-».  (6) 
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Suppose  tfaat  Pi  is  a  fixed  point  and  P  a  movable  poini  depending 
upon  the  parameter  k.  Eliminating  k  from  équations  (1)  and  (3), 
we  get 

W"  Z       Wl"  Zi 

Clearing  of  fractions,  we  bave 

x«y=Cw"z.  (I) 

For  différent  values  of  C  this  équation  represents  a  System  of  invari- 
ant surfaces  through  the  path  curves  of  the  group. 

In  like  manner  eliminating  k  from  équations  (2)  and  (6)  we  get 
y  r-r«-i  ^r^  Cx»^"-i  z\  (  II  ) 

Also  from  (  4  )  and  (  5  )  we  get 

It  should  be  noted  in  each  of  thèse  cases  we  bave  eliminated  k  from 
the  values  of  the  cross-ratios  along  opposite  edges  of  the  tetrabedron. 
If  we  eliminate  k  from  the  cross-ratios  along  edges  which  lie  in  a 
plane  face  of  the  tetrabedron,  we  obtain  the  équation  of  the  plane 
path  curves  which  lie  in  that  face.  The  Systems  of  cônes  wbose  ver- 
tices  are  the  vertices  of  the  invariant  tetrabedron  and  wbose  bases  are 
the  plane  path  curves  of  the  opposite  faces  are  also  invariant  surfaces 
of  the  group  Gi.     Eliminating  k  from  (  2  )  and  (  3  ),  we  bave 

y»-iz=Cx%  (IV) 

which  is  the  équation  of  the  System  of  invariant  cônes  wbose  vertices 
are  at  A. 

In  like  manner  eliminating  k  from  équations  (3)  and  (6),  (1)  and 
(4),(l)and(2),weget 

^r-l  yl-r+rs^Cw",  (V) 

Xr-"-l  Z  =  CW'^",  (VI) 

x^iy==Cw',  (VII) 

which  are  the  équations  of  the  invariant  cônes  wbose  vertices  are  re- 
spectively  B,  C,  and  D. 

We  bave  thus  found  seven  Systems  of  invariant  surfaces  of  the 
group  Gi  ;  three  of  thèse  Systems  are  ruled  surfaces  which  pass  through 
four  edges  of  the  invariant  tetrabedron,  and  four  of  them  are  cônes 
which  bave  their  vertices  at  the  vertices  of  the  invariant  tetrabedron. 
The  intersections  of  any  two  of  thèse  système  of  surfaces  give  us  the 
path  curves  of  the  group  Gi. 

Theorem  3.  There  are  seven  distinct  familles  of  ruled  surfaces 
invariant  under  ail  the  transformations  of  the  group  hGi  (ABCD)™; 
four  of  thèse  familles  are  familles  of  cônes.    The  ex'  curves  of  inter- 
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section  of  thèse  invariant  surfaces  are  tbe  invariant  path  curves  of 
the  gronp  Gi. 

The  géométrie  raeaning  of  r  and  8, — It  is  not  difficult  to  détermine 
the  géométrie  meaning  of  the  two  constants  r  and  s.  Any  tangent  to  a 
path  curve  in  the  plane  ABC  cuts  the  side  of  the  triangle  ABC  in 
three  points  which  form  with  the  point  of  contact  a  range  of  four 
points  whose  cross-ratio  is  constant  and  equal  to  r.  Any  tangent  to 
a  path  curve  in  space  cuts  the  three  planes  DAB,  0AC,  DBC  in 
three  points  which  form  with  the  point  of  contact  a  range  of  constant 
cross-ratio  r.  For  if  path  curves  and  tangent  be  projected  from  D 
on  the  plane  ABC  we  get  the  path  curves  and  tangent  in  the  plane 
ABC  with  the  usual  meaniug  of  r. 

In  like  manner  s  is  seen  to  be  the  cross-ratio  of  the  point  of  con- 
tact of  a  tangent  to  a  path  curve  and  the  three  points  where  the 
tangent  cuts  the  three  planes  ABC,  ABD,  ACD.  In  gênerai,  a 
tangent  to  any  path  curve  in  space  cuts  the  faces  of  the  invariant 
tetrahedron  (ABCD)  in  four  points;  thèse  with  the  point  of  contact 
of  the  tangent  form  a  set  of  five  points  on  a  Une  ;  r  and  s  are  two  in- 
dependent  cross-ratios  of  thèse  five  points.  AU  other  cross-ratios 
among  thèse  five  points  may  be  expressed  in  terms  of  r  and  s.  Since 
thèse  five  points  are  ail  real,  r  and  s  must  both  be  real. 

Thegkem  4.  The  constants  r  and  s  are  two  independent  cross- 
ratios  among  the  range  of  five  points  in  which  a  tangent  to  a  path 
curve  cuts  the  tetrahedron  (ABCD)  and  its  point  of  contact. 

§2.    TWO-PARAMETER  SUBGROUPS  OF   hGs  (ABCD). 

Having  shown  that  the  group  hG»  (ABCD)  contains  oc^  one-para- 
meter  subgroups,  it  will  be  shown  next  that  thèse  one-parameter  sub- 
groups  unité  in  certain  instances  to  form  two-parameter  subgroups  of 
hGs  (ABCD).  It  will  be  found  that  a  two-parameter  subgroup  of 
this  kind  is  characterized  by  the  fact  that  it  leaves  invariant  one  and 
only  one  family  of  surfaces  on  which  lie  the  path  curves  of  its  one- 
parameter  subgroups. 

Two-pavameter  groupe  leaving  invariant  a  family  of  cônes. — 
If  r  remains  constant  while  s  assumes  in  turn  ail  real  values,  we  hâve 
a  System  of  oo^  one-parameter  groups,  ail  of  which  leave  invariant  the 
System  of  cônes  given  by  équation  (VII)  ;  for  the  équation  of  this 
family  of  cônes  is  independent  of  s.  The  other  six  Systems  of  sur- 
faces given  by  équations  (I)-(VI)  vary  as  s  varies,  and  are  not  in- 
variant under  ail  the  oc^  transformations  which  leave  the  cônes  of 
(VII)  unchanged.  This  System  of  cc^  transformations  leaving  a 
family  of  cônes  invariant  evidently  forma  a  two-parameter  group, 
the  parameters  being  k  and  s.  There  is  one  such  group  for  every 
value  of  r. 
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In  like  manner,  if  s  is  constant  and  r  a  variable,  we  get  a  two-para- 
meter  group,  leaving  invariant  the  family  of  cônes  given  by  équation 
(IV).  Again,  if  r  and  s  vary  in  suoh  a  manner  that  r-rs  remains  a 
constant,  we  get  a  two-parameter  group  which  leaves  invariant  the 
family  of  cônes  given  by  équation  (  VI  ).  Also,  if  r  and  s  vary  so  that 
^  is  constant,  we  get  another  two-parameter  group  whose  invariant 
family  of  cônes  is  given  by  équation  (V).  We  see  in  this  way  that 
the  group  hGP  (ABCD)  con tains  four  singly  infinité  Systems  of  two- 
parameter  groupe,  each  of  which  is  characterized  by  an  invariant 
family  of  oones. 

Two-parameter  groupa  leaving  invariant  a  family  of  ruled 
surfaces» — If  we  let  r  and  s  vary  simultaneously  so  that  their  prod- 
uct,  rs,  remains  a  constant,  we  get  thereby  a  System  of  gc^  one-para- 
meter  subgroups  of  hGs  (ABCD),  ail  of  which  leave  invariant  the 
family  of  surfaces  given  by  équation  (I).  The  oc'  transformations 
contained  in  this  System  of  one-parameter  groupe,  since  they  hâve  a 
common  invariant,  viz.,  équation  (I),  form  a  two-parameter  group. 
There  is  a  two-parameter  group  for  each  value  of  the  constant  rs. 

In  like  manner  we  see  that  if  Ina-l/r  is  a  constant,  there  résulte  a 
two-parameter  group  leaving  invariant  the  family  of  surfaces  given 

by  équation  (II).    Also  if  ^^  remains  constant,  the  resulting  sys- 

tem  of  oo'  transformations  forms  a  two-parameter  group  whose  invari- 
ant family  of  surfaces  is  given  by  équation  (  III).  Thus  we  see  that 
the  group  hGa  (  ABCD  )  centaine  three  singly  infinité  système  of  two- 
parameter  groupe,  each  of  which  is  characterized  by  an  invariant  fam- 
ily of  ruled  surfaces. 

Thborem  5.  The  group  hG»  (  ABCD  )  centaine  four  singly  in- 
finité Systems  of  two-parameter  subgroups,  each  of  which  leaves 
invariant  a  family  of  cônes  ;  and  three  singly  infinité  système  of  two- 
parameter  subgroups,  each  of  which  leaves  invariant  a  family  of  ruled 
surfaces. 

§3.  SoME  Propbrties  of  thb  One-pabametbr  Subgroups 
OF  hGs  (ABCD). 

Transformations  in  hOz  {ABCD)  with  négative  values  ofk,  k\ 
k'\ — The  group  hGs  (ABCD)  centaine  œ*  transformations  depend- 
ing  upon  three  variable  parameters  k,  k',  k",  which  assume  in  tum  ail 
real  values,  both  positive  and  négative.  Our  next  problem  is  to  déter- 
mine whether  ail  the  transformations  in  hGs  (  ABCD  )  are  to  be  found 
in  thèse  oc'  one-parameter  subgroups,  and  what  transformations,  if  any, 
are  common  to  two  or  more  of  thèse  subgroups. 

In  order  to  solve  thèse  problème  we  resort  to  a  simple  geometrical 
device  where  k,  k'  and  k"  are  taken  to  be  the  rectangular  coordinates  of 
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a  point  in  space.  It  is  évident,  since  thèse  parameters  are  indépend- 
ant, that  there  is  a  point  in  space  corresponding  to  every  transforma- 
tion of  the  group  hGs  (ABCD).  AU  transformations  whose 
parameters  satisfy  the  relations 

k'=y-'  and  k"=k^-'+'» 
form  a  one-parameter  subgrôup  of  hGrs  (ABCD).  Hence  the  curve 
of  intersection  of  the  two  cylinders  whose  équations  are  y=x^"'  and 
z=x*"'+'*  represents  a  one-parameter  group  hGi  (  ABCD  )n  and  the  in- 
dividual  points  on  the  curve  represent  the  individual  transformations 
of  the  group.  If  we  give  to  r  and  s  ail  real  values  we  hâve  a  System 
of  Qc^  curves  which  represents  the  System  of  cx^  one-parameter  sub- 
groups  of  hGs  (  ABCD  ). 

An  examination  of  the  équations  y=x^"''  and  z=x^"''+''»  shows  that 
one  branch  of  the  curve  lies  in  the  first  octant  for  ail  values  of  r  and 
s  ;  and  if  r  is  an  irrational  number,  the  curve  lies  wholly  in  the  first 
octant.  If  r  and  s  are  both  rational,  Y  with  odd  numerator  and  odd 
denominator,  s  with  even  numerator  and  odd  denominator,  the  curve 
lies  in  the  first  and  second  octants.  If  r  and  s  are  both  rational,  r  with 
even  numerator  and  odd  denominator,  s  with  odd  numerator  and  even 
denominator,  the  curve  lies  in  the  first  and  third  octants.  If  r  is  ra- 
tional  with  odd  numerator  and  even  denominator  while  s  is  irrational 
or  rational  with  odd  numerator  and  odd  denominator,  the  curve  lies  in 
the  first  and  fourth  octants.  If  r  is  rational  with  odd  numerator  and 
s  rational  with  odd  numerator  and  even  denominator,  the  curve  lies  in 
the  first  and  fif th  octants.  If  r  and  s  arq  both  rational,  each  with  odd 
numerator  and  odd  denominator,  the  curve  lies  in  the  first  and  sixth 
octants.  If  r  and  s  are  both  rational,  r  with  even  numerator  and  odd 
denominator,  s  with  odd  denominator,  the  curve  lies  in  the  first  and 
seventh  octants.  If  r  and  s  are  both  rational,  r  with  odd  numerator 
and  even  denominator,  s  with  even  numerator  and  odd  denominator, 
the  curve  lies  in  the  first  and  eighth  octants. 

The  curves  of  the  family,  y^^x^"*"  and  z=x^"'"+^,  contain  every  point 
in  the  first  octant,  but  not  every  point  in  the  other  seven  octants. 
Consequently  the  group  hGs  (  ABCD  )  contains  transformations  which 
are  not  included  in  any  of  its  one-parameter  subgroups.  Such  a 
transformation  has  one  or  more  of  its  cross-ratio  parameters  négative 
and  such  that  their  values  do  not  satisfy  algebraic  équations  of  the 
form  k'°=k"",  k"°=k',  where  1,  m  and  n  are  integers. 

Transformations  common  to  two  or  more  one-parameter  subgroups 
0/  hOi  (ABCD), — In  order  to  find  ail  points  common  to  any  two 
curves  of  the  family  representing  the  System  of  one-parameter  sub- 
groups of  hGs  (ABCD),  we  solve  the  simultaneous  System  of  équations 

y  =  x^-%  z=x^-'+'"*;  y  =  xi-'',  z=x^-''+''*'. 
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We  observe  that  the  points  (0, 0, 0),  (  oo,  oo,  oo  ),  and  (1,  1, 1)  be- 
long  to  every  curve  of  the  f amily  ;  hence  every  one-parameter  sub- 
group  of  hGs  (ABCD)  con tains  the  identioal  transformation  (1, 1, 1  ) 
and  the  two  pseudo-transformations  (0, 0, 0)  and  (  oo,  oo,  oo). 

Prom  the  above  équations  we  hâve  x''''=l,  and  x'''+''''''''=l  or 
^nrT's'—i  ginoe  X  is  real,  it  can  hâve  only  the  values  ±1  ;  substituting 
thèse  values  of  x  in  y=x^"''  and  z=x^"'+",  we  see  that  the  real  values  of 
y  and  z  are  limited  to  the  numbers  ±1.  Hence,  the  only  points  corn- 
mon  to  two  curves  of  the  f  amily  in  addition  to  those  mentioned  above 
are  (1,1,-1),  (1,-1,1),  (-1,1,1).  (1,-1.-1),  (-1,1,-1),  (-1,-1,1). 
(-1,-1,-1).  The  point  (-1,1,1)  is  common  to  every  curve  of  the 
family  which  lies  partly  in  the  second  octant.  The  corresponding 
transformation  is  an  involutoric  perspective  transformation  of  type 
VI,  having  its  vertex  at  B  and  the  plane  ADC  for  its  axial  plane. 
The  transformations  corresponding  to  the  points  (1, 1,  -1),  (1,  -1, 1), 
(-1,-1,-1)  are  also  involutoric  perspective  transformations  of  type 
VI,  with  vertices  at  D,  0,  and  A,  respectively,  and  whose  axial  planes 
are  the  opposite  faces  of  the  tetrahedron  (ABCD). 

The  transformations  corresponding  to  the  points  (1,  -1,  -1),  (-1, 1, 
-1),  and  (-1,  -1, 1)  are  involutoric  skew  perspective  transformations 
of  type  X,  whose  skew  axes  are  respectively  the  edges  of  AD  and 
CD,  AC  and  BD,  AD  and  BC  of  the  invariant  tetrahedron  (ABCD). 
Each  of  thèse  transformations  belongs  to  every  one-parameter  sub- 
group  of  hGs  (ABCD)  whose  représentative  curve  lies  partly  in  the 
eighth,  sixth  and  third  octants,  respectively. 

Theorem  6.  The  oc^  one-parameter  subgroups  of  hG»  (ABCD)  do 
not  include  ail  the  transformations  in  hGs  (ABCD);  a  transformation 
not  belonging  to  a  one-parameter  subgroup  has  one  or  more  of  its 
cross- ratio  parameters  négative.  Every  subgroup  hGi  (ABCD)»  for 
which  r  and  s  are  rational  contains  one  involutoric  perspective  trans- 
formation either  of  type  VI  or  X. 

§4.    Subgroups  of  Types  VI,  VIII  and  X  in  hGa  (ABCD). 

Suhgrovps  of  type  VIII  in  hGs  (ABCD).— The  constants  r  and  s 
may  hâve  such  values  that  ail  the  one-dimensional  transformations 
along  the  same  edge  are  identical  transformations.  This  may  occur 
in  six  différent  ways,  since  there  are  six  edges  of  the  tetrahedron. 

If  r=l  while  s  remains  finite,  we  hâve  an  identical  transformation 
along  AC.  If  r=0  while  rs  remains  finite,  we  hâve  an  identical 
transformation  along  BC.  If  r  =  oo,  we  see  that  the  transformation 
along  AB  is  identical.  If  s=l  and  r  is  finite,  we  hâve  an  identical 
transformation  along  BD.  If  s=0  while  r  remains  finite,  the  trans- 
formation along  CD  is  identical.  If  r8=r — 1,  the  transformation 
along  AD  is  identical. 
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In  the  case  that  a  transformation  of  type  I  dégénérâtes  to  type 
VIII,  one  of  the  familles  of  invariant  surfaces  dégénérâtes  Into  a 
f  amily  of  planes  intersecting  in  one  edge  of  the  tetrahedron  ;  this  edge 
is  opposite  the  edge  which  is  the  Une  of  invariant  points.  AU  trans- 
formations of  type  VIII  in  hGs  (ABCD)  leaving  the  same  edge  in- 
variant form  a  two-parameter  group.  The  path  curves  of  the  sub- 
groups  of  thèse  two-parameter  groupa  are  always  plane  ourves. 

Theorem  7.  The  group  hGs  (ABCD)  con tains  six  two-parameter 
subgroups  of  type   VIII;   thèse  are  given   when  r=l,  0,  oc;  and 

8=1,  0,  ^. 

Subgroups  of  type  VI  in  hOz  {ABCD), — For  certain  values  of  r 
and  s  a  transformation  of  type  I  reduoes  to  type  VI.  In  such  a  case 
aU  points  in  one  of  the  invariant  planes  of  type  I  are  invariant  points, 
and  ail  Unes  through  the  opposite  vertex  of  (ABCD)  are  invariant 
Unes. 

Let  r=0  and  let  s  bave  any  finite  value  ;  then  the  transformations 
along  BC,  CD  and  DB  are  ail  identical  ;  hence  the  two-dimensional 
transformation  in  the  face  BCD  is  identical.  At  the  same  time  the 
cross-ratios  along  AB,  AC  and  AD  are  ail  equal  to  k.  Such  a  trans- 
formation is  evidently  of  type  VI.  Let  r=l  and  s=0;  then  the  two- 
dimensional  transformation  in  the  face  ACD  is  identical,  and  the 
one-dimensional  transformations  along  BA,  BC  and  BD  are  ail  equal. 
Again,  let  r  =  oo  and  s= 1  ;  then  the  two-dimensional  transformation  in 
the  face  ABD  is  identical,  and  the  one-dimensional  transformations 
along  CA,  CB  and  CD  are  ail  equal.  Finally,  let  r=oo  and  s=oo; 
then  every  point  in  the  face  ABC  is  an  invariant  point  and  the  one- 
dimensional  transformations  along  DA,  DB  and  DC  are  ail  equal. 

It  is  évident  in  each  of  the  above  cases  that  the  invariant  surfaces 
are  ail  planes  or  cônes  and  the  path  curves  are  aU  straight  Unes. 

Theorem  8.  The  group  hGs  (ABCD)  contains  four  one-parameter 
subgroups  of  type  VI  ;  thèse  are  given  by  the  foUowing  sets  of  values 
ofrands:    (0,  s),  (1,0),  (  oo,  1),  (  oc,  oc). 

Subgroupa  of  type  X  in  hO%{ABCD), — For  certain  values  of  r 
and  s  a  transformation  of  type  I  reduces  to  one  of  type  X.  From  the 
nature  of  type  X  it  is  évident  that  it  must  occur  as  a  spécial  case  of 
type  VIII,  when  the  two  one-dimensional  transformations  along  op- 
posite edges  of  (ABCD)  are  identical  transformations. 

Let  r=l  and  s  =  l;  then  the  one-dimensional  transformations 
along  AC  and  BD  are  both  identical  transformations,  and  thus  every 
point  on  each  of  thèse  edges  is  an  invariant  point.  The  cross-ratios 
along  AB,  AD,  CB  and  CD  are  ail  equal.  The  invariant  familles  of 
surfaces  I-VII  reduce  for  r=l  and  s=l  to  the  foUowing: 
xy=Czw,  xw  =  Cyz,  x  =  Cz,  and  y=Cw. 
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The  path  curves  are  evidently  straight  Unes  and  constitute  the  con- 
gruence  of  Unes  joining  every  point  on  AC  to  every  point  on  BD. 

Again,  let  r=oo  and  8=0  with  the  condition  that  rs=0;  then 
the  transformations  along  AB  and  CD  are  both  identical,  while  those 
along  AC,  AD,  BC  and  BD  are  ail  equal.  The  invariant  surfaces 
and  path  curves  are  analogous  to  those  above.  In  like  manner,  if  we 
make  r=0  and  s=oo,  and  r8= — 1,  we  get  identical  transformations 
along  BC  and  AD  ;  the  cross-ratios  along  AB,  AC,  DB  and  DC  are 
ail  equal,  the  invariant  surfaces  are  pencils  of  quadrics  and  pencils  of 
planes,  the  path  curves  are  ail  straight  Unes. 

Theorem  9.  The  group  hGs  (  ABCD)  con tains  three  one-parameter 
groups  of  type  X  ;  thèse  are  given  by  the  following  sets  of  values  of 
rands:  (1,  1),  (  od,  0),  (0,qo,  rs=— 1.) 

§5.  SoMB  Spécial  Subgroups  of  hGs  (ABCD). 

Suhgroups  with  invariant  guadric  cônes. — For  certain  values  of  r 
and  s  the  invariant  cônes  whose  équations  are  (IV) -(VII)  are  cônes 
of  the  second  order.  One  of  thèse  familles  of  cônes  will  be  of  the 
second  order  when  the  plane  path  curves  in  one  the  faces  of  the  tet- 
rahedron  are  conics. 

Equation  (  IV)  represents  a  family  of  quadric  cônes  for  three  values 
of  s,  viz.,  s==— 1,  2,  J;  équation  (V)  represents  quadric  cônes  when 
^^= — 1,  2,  J;  équation  (VI)  represents  quadric  cônes  when  r — rs= 
— 1,  2,  J  ;  équation  (VII  )  represents  quadric  cônes  when  r=  — 1,  2,  |. 
Consider  the  case  when  r= — 1;  s  may  assume  ocMifPerent  values, 
and  hence  there  are  oo^  one-parameter  groups  which  leave  invariant 
the  same  family  of  quadric  cônes.  Thèse  form  a  two-parameter  group. 
The  vertex  of  the  cônes  of  the  family  are  at  D,  and  the  Unes  DA  and 
DB  are  éléments  common  to  ail  the  cônes  of  the  family.  Thus  we  see 
that  there  are  twelve  two-parameter  subgroups  of  hGs  (ABCD)  which 
leave  invariant  a  family  of  quadric  cônes. 

Theorem  10.  The  group  hGs  (ABCD)  contains  twelve  two-para- 
meter subgroups  each  of  which  leaves  invariant  a  family  of  quadric 
cônes  ;  thèse  are  given  by  the  values  of  r  and  s  as  f  oUows  :  r = — 1,  2,  J  ; 
s=-l,  2,  i;  r-rs  =  -l,  2,  J;  ^,--1,  2,  i 

Subgroups  with  invariant  guadric  surfaces, — We  now  seek  the 
most  gênerai  conditions  under  which  the.  invariant  surfaces  of  a  one- 
parameter  subgroup  of  hGs  (ABCD)  shall  be  a  family  of  quadric  sur- 
faces.  One  or  more  of  the  three  familles  of  surfaces  whose  équations 
are  (I),  (II),  (III)  will  reduce  to  quadrics  for  certain  values  of  r  and 
s.  The  surfaces  given  by  (I)  are  quadrics  when  rs  =  =i:l;  équation 
(II)  gives  quadrics  when  r — rs — 1  =  ±:  r  ;  équation  (III)  yields  quad- 
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ries  when  r — l  =  ±:(r — rs).  The  oondition  r — rs — 1  =  db r  reduces 
to  18= — 1  and  r8=2r — 1;  the  condition  r — l  =  dz(r — rs)  reduces 
to  r8=l  and  r8=2r — 1.  Hence  we  hâve  only  three  relations  beween  r 
and  s  for  which  at  least  one  family  of  invariant  surfaces  are  quadrics. 

Putting  r8=l  in  (I),  (II),  (III),  we  get,  after  réduction, 

(I),  xy=Czw;  (II),  y'-^w=Cx'-2z;  (III),  xy=Czw. 

Thus  the  first  and  third  families  of  surfaces  reduce  to  the  same 
family  of  quadrics. 

Putting  rs=— 1  in  (I),  (II),  (III),  we  hâve 

(I),xz=Cyz;  (II),  xz=Cyw;  (III),  x'^y+i=Cz^iw'-+^ 

Hère  we  see  that  (I)  and  (II)  give  the  same  System  of  quadrics. 
Putting  r8=2r— 1  in  (I),  (II),  (III),  we  get 

(I),  x*'^^y=Czw^^^;  (II),  xw=Cyz;  (III),  xw=Cyz. 

From  thèse  three  cases  we  see  that,  if  one  of  our  families  of  in- 
variant surfaces  are  quadrics,  another  is  also,  and  thèse  two  families  of 
quadrics  coincide. 

The  invariant  tetrahedron  (  ABCD)  is  the  common  self-polar  tetra- 
hedron  of  thèse  families  of  quadrics.  Ail  quadrics  of  the  System 
xy=Czw  pass  through  the  edges  AC,  CD,  AB,  and  BD;  the  edges 
AD  and  BC  are  reciprocal  polars  of  ail  quadrics  of  the  family.  Simi- 
lar  properties  hold  for  the  other  two  families  xz=Cyw  and  xw=Cyz. 

Each  of  thèse  Systems  of  quadrics  remains  invariant  under  oc^ 
transformations  which  form  a  two-parameter  subgroup  of  hGs  (ABCD). 

Theorem  11.  There  are  three  two-parameter  subgroups  of  hG» 
(ABCD)  each  of  which  leaves  invariant  a  family  of  quadric  surfaces; 
thèse  are  given  by  rs=l,  r8= — 1,  rs=2r — 1. 

Subgroups  whose  path  curves  are  ail  conics, — We  now  proceed 
to  investigate  the  one-parameter  subgroups  of  hGs  (ABCD)  whose 
path  curves  are  ail  conics.  Since  conics  are  plane  curves,  such  a 
one-parameter  group  must  be  of  type  VIII.  We  find  in  §4  that 
there  are  six  two-parameter  subgroups  of  type  VIII  in  hG»  (ABCD)  ; 
hence,  a  one-parameter  subgroup  of  hGs  (ABCD)  whoee  path  curves 
are  ail  -eonics  must  be  a  one-parameter  subgroup  of  one  of  thèse 
groupe  of  type  VIII. 

To  obtain  one  of  thèse  two-parameter  subgroups  of  type  VIII  let 
8=1.  The  Une  DB  is  a  line  of  invariant  points,  and  ail  planes 
through  the  opposite  edge  AC  are  invariant  planes.  The  path  curves 
are  ail  alike  in  thèse  invariant  planes,  and  hence  it  is  sufficient  to  ex- 
amine them  in  one  of  thèse  planes,  as  ABC.  The  path  curves  in  the 
plane  ABC  are  conics  for  three  différent  values  of  r,  viz.,  r= — 1,  2,  J. 
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For  r= — 1,  2,  and  J  the  oonios  hâve  double  contact  at  A  and  C,  B 
and  C,  and  A  and  B,  respectively. 

The  case  where  r= — 1  is  essentially  différent  from  the  other  two 
cases  where  r=2  and  r=J.  In  the  firet  case  the  conîcs  in  ail  the 
planes  through  AC  hâve  double  contact  at  A  and  C  ;  in  the  second 
case  the  conics  in  ail  thèse  planes  hâve  only  one  point  in  common,  C 
when  r=2  and  A  when  r= J.  The  invariant  surfaces  in  the  two  cases 
are  very  différent  and  worthy  of  attention.  Let  s=l  and  r= — 1  in 
équations  (I),  (II),  (III)  ;  we  thus  get 

(I),  xz--Cyw;  (II),  xz=Cyw;  (III),  x=Cz. 

In  this  case  we  hâve  a  family  of  invariant  quadrics.  Again,  let 
s=l  and  r=2  in  the  same  équations,  and  we  hâve 

(I),x«y=Cw^z;  (II),  xw2=Cyz«;  (III),  x=Cz. 

Let  s=l  and  r^^J,  and  we  get 

(I),  xy2=Cwz«;  (II),  x«w=Cy2z;  (III),  x=Cz. 

In  both  thèse  latter  cases  the  invariant  surfaces  are  ruied  surfaces 
of  the  third  order. 

Instead  of  taking  the  edge  BD  for  the  Une  of  invariant  points  any 
other  one  of  the  six  edges  may  be  made  the  line  of  invariant  points  ; 
hence  there  are  six  such  cases  as  the  above  to  be  considered. 

Theorem  12.  There  are  eighteen  one-parameter  subgroups  of  hGrs 
(  ABCD  )  for  which  the  path  curves  are  conics  ;  six  of  thèse  groups 
leave  invariant  a  family  of  quadrics  and  twelve  of  them  leave  invari- 
ant families  of  cubic  surfaces.  The  first  six  are  given  by  the  follow- 
ing  values  of  r  and  s:  (—1,  1),  (1/2,  0),  (2,  1/2),  (1,  —1),  (0,qo,  rs 
= — 1),  (  00,  2).  The  remaining  twelve  resuit  from  the  foUowing  val- 
ues of  r  and  s:  (2,  1),  (1/2, 1),  (2,  0),  (-1,  2),  (1/2,  -1),  (1,  2),  (1, 
l/2).(0,  00,  rs-2),  (0,  00,  rs=l/2),  (  oo,-l),  (  oo,  1/2),  (-1,  2). 

Subgroups  whose  path  curves  are  twisted  cubics. — If  we  give  to  r 
and  s  such  values  that  two  of  the  families  of  invariant  cônes  (IV) 
.  .  .  (VII)  are  quadric  cônes  so  situated  that  ail  the  cônes  of  both 
families  hâve  one  edge  of  the  tetrahedron  (  ABCD  )  in  common,  the 
path  curves  of  the  resulting  one-parameter  groups  will  be  twisted  cu- 
bics  ;  for  the  intersection  of  two  quadric  cônes  having  one  élément  in 
common  is  a  twisted  cubic  passing  through  the  vertices  of  the  two 
cônes  and  having  the  common  élément  for  a  sécant  line. 

Forexample,letr=— lands=— 1;  équations  (IV)  and  (VII)  re- 
duce respect ively  to 

xz=Cy*  and  yw=Cx^ 

The  first  équation  represents  a  family  of  quadric  cônes  having  dou- 
ble contact  along  AB  and  AD  ;  the  second  represents  a  family  of  cônes 
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having  double  contact  along  DC  and  DA.  Since  every  cône  of  each 
f amily  bas  the  Une  AD  in  oommon,  their  curves  of  intersection  are  a 
System  of  oo^  twisted  cabics  paesing  tbrough  A  and  D.  For  thèse 
vaines  of  r  and  s  the  invariant  Systems  of  surfaces  given  by  (1),  (II), 
(III)  become 

(I),xy=Czw;  (II),  x»z=Cy»w;  (III),  xy=Czw. 

Thus  we  see  that  the  cubio  path  curves  also  appear  as  the  intersec- 
tion of  a  family  of  quadrics  with  a  family  of  quartics. 

Again,  let  us  put  r=l/2  and  s=2;  équations  (IV)  and  (VII)  re- 
duce respectively  to 

yz=Cx^  and  xw=Cy^ 
Thèse  two  famiiies  of  quadric  cônes  hâve  also  the  élément  AD  in 
common.     Equations  (I),  (II),  (III)  become  for  thèse  values  of  r 
and  s 

(I),  xy=Czw;  (II),  x^w-^Cy^z;  (III),  xy=Czw. 

The  path  curves  are  again  twisted  cubics  through  A  and  D  and  lie 
on  the  family  of  quadrics  xy=Czw  ;  but  they  now  appear  as  the  inter- 
section of  this  family  of  quadrics  with  another  family  of  quartics. 

In  like  manner  it  can  be  shown  that  the  path  curves  are  twisted 
cubics  for  ten  other  pairs  of  values  of  r  and  s,  as  foUows:  r=3,  s=^ 
1/3;  r=3/2,  8-=l/3;  common  chord  BC  :  r=— 2,s--l/2;  r=— 1/2, 
8=2;  common  chord  AC:  r^=^2,  s=3/2;  r= — 1,  s^^3;  common 
chord  CD:  r=2,  s=— 1/2;  r=l/2,  s=— 2;  common  chord  BD: 
r-^=l/3,  s=^ — 1;  r=2/3,  s^=l/2;  common  chord  AB. 

Theorem  13. — There  are  twelve  one-parameter  subgroups  of  hGa 
(ABCD)  for  which  the  path  curves  are  twisted  cubics;  thèse  are 
given  by  the  following  values  of  r  and  s  ;  (r  =  —  1,  s^-  — 1  ),  (r=l/2, 
s=2),  (r=3,  s=l/3),(r-=3/2,  s=l/3).  (r=  -2,  s=--l/2),  (r^  -1/2, 
8=2),  (r=2,8=3/2),  (r---l,s=3),  (r=2,  s= -1/2),  (r=l/2, 
8=  -2),   (r=l/3,  8=  -1),  (r-^-2/3,  s=l/2). 

§6.    The  Groups  eGa  (ABCD)  and  eeGs  (ABCD)  and  their 

Subgroups. 

We  shall  now  consider  brieây  the  two  cases  where  the  invariant 
tetrahedron  (ABCD)  is  not  real  in  ail  of  its  parts.  The  first,  called  the 
single  elliptic  case,  is  where  the  tetrahedron  has  two  real  and  two 
conjugate  imaginary  vertices  ;  the  second,  called  the  double  elliptic 
case,  is  where  the  tetrahedron  has  two  pairs  of  conjugate  imaginary 
vertices.  Thèse  three-parameter  groups  are  designated  by  eGs 
(ABCD)  and  eeGa  (ABCD),  respectively. 

The  çTùup  eOi  {ÀBCD)  and  its  subgroups, — Let  B  and  C  be  a 
pair  of  conjugate  imaginary  vertices  of  the  tetrahedron  (ABCD). 
The  croBS-ratios  k  and  k'  along  the  conjugate  imaginary  Unes  ABand 
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AC  are  oonjugate  imagînary  quantities  ;  alflo  those  along  DC  and  DB 
are  conjagate  iinaginary  quantities.  The  cross-ratio  k"  along  AD  is 
real,  and  that  along  BC  is  of  the  f orm  exp.  ni  0.  As  in  the  hjrperbolic 
case,  we  may  put  k'=k^"'  and  k"=k^''+";  r  and  s  are  usually  both 
complex  quantities.  It  can  be  shown  without  difficulty  that  the  con- 
dition that  the  coUineation  shall  be  real  requires  that  r  shall  be  of 

the  f  orm  1  +  exp.  2i  <^,  and  s  of  the  f  orm   k- .  ,  r     Iq  ^^^  com- 

exp.  2i^+l 

plex  plane  the  locus  of  r  is  the  unit  circle  about  the  unit  point,  and 
the  locus  of  s  is  the  Une  x=l/2. 

The  cross-ratios  along  the  six  edges  of  the  tetrahedron  may  be 
written  : 

AB  :  exp.  (tan  <^  +  i)  0, 

BC   :  exp.— 2i  0, 

CD  :  exp.  (tan  ^  +  i)^, 

DB  :  exp.  (— tani^+i)  0, 

AC  :  exp.  (tan<^+i)  0, 

AD  :  exp.  (tan  <^  +  tan  ^)  0. 

In  thèse  expressions  0  is  the  variable  and  assumes  in  tum  ail  real 
values  from  —  oo  to  -f  oo.  Since  k  is  real,  both  positive  and  négative, 
while  the  value  of  exp.  (tan  <^  +  tan  ^)  ^  is  only  positive,  it  foUows  that 
half  of  the  transformations  in  eGs  (ABCD)are  not  contained  in  its 
one-  and  two-parameter  subgroups,  viz.,  those  for  which  k  is  négative. 

The  group  eGs  (ABCD)  contains  two  real  subgroups  of  type  VI, 
the  vertioes  beîng  A  and  D  ;  it  also  contains  two  real  subgroups  of 
type  VIII,  one  hy  berbolic  and  the  other  elliptic,  whose  axes  of  invariant 
points  are,  respectively,  BC  and  AD  ;  it  also  contains  one  subgroup 
of  type  X,  which  is  common  to  the  two  subgroups  of  type  VIII. 

The  group  eGa  (ABCD)  has  only  two  real  two-parameter  sub- 
groups leaving  invariant  a  f  amily  of  quadric  cônes.  Thèse  two  f  ami- 
lies  of  cônes  do  not  hâve  an  élément  in  common  ;  hence  there  are  no 
real  subgroups  leaving  invariant  a  family  of  cubic  path  curves.  When 
^  and  ^  are  supplementary,  one  of  the  familles  of  invariant  surfaces 
consist  of  quadrics.  Thèse  statements  may  be  easily  verified  by  the 
reader. 

TAe  croup  eeOz  {ABCD).— Lei  AD  and  BC  be  taken  as  the  two 
real  edges  of  the  invariant  tetrahedron  (ABCD)  in  the  double  elliptic 
case.  Along  thèse  real  edges  the  one-dimensional  transformations 
are  elliptic,  so  that  the  cross-ratios  are  both  of  the  form  exp.  ni  0,  It 
foUows  from  thèse  conditions  that  k  must  be  assumed  in  the  form  of 
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exp.  i  $,  and  that  r  and  b  are  both  real.    The  croas-ratios  along  the  six 
edges  of  the  tetrahedron  (ABCD)  are  written  thus: 

AB  :  k=exp.  i  6, 

BC  :  k-'=exp.  ri  0, 

CD  :  k"=exp.  rsî  », 

DB  :  k™=exp.(r— r8)i», 

AC   :  k^-'=exp.(l— r)i», 

AD  :  y-«+»=exp.(l— r+r8)i  0. 

It  is  now  évident  that  every  transformation  in  eeGs  (ABCD)  is  to 
be  found  in  some  one  of  its  one-parameter  subgroaps.  The  group 
eeGa  (ABCD)  contains  two  real  subgroaps  of  type  VIII,  both  elliptic, 
and  one  of  type  X,  which  îs  common  to  the  two  of  type  VIII. 
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THE  DIMOBPHISM  OP  OAMBARUS,  I. 

BT  J.   ARTHUR  HARRIS. 

The  existence  of  two  markediy  différent  forme  of  maies  in  the 
genuB  Camharus  bas  long  been  known.  The  fact  was  first  noticed 
by  Louis  Agassiz  and  Henry  James  Clark,^  and  communicated^  by 
the  former  to  Dr.  Hermann  A.  Hagen,  who  verified  tbe  observation 
for  ail  the  species  of  Cambarus^  of  which  he  had  opportunity  of  ex- 
amining  a  large  number  of  spécimens.^  Doctor  Hagen,  in  bis  mono- 
graph,  whenever  material  was  available,  described  both  forms  of 
maies,  designating  them  as  form  I  and  form  II.  Since  that  time, 
in  taxonomic  work,  a  complète  description  bas  always  covered  both 
forms  of  the  maie  ;  a  fact  of  no  small  importance,  since  the  discrep- 
ancies  in  the  descriptions  of  some  of  the  earlier  writers  may  be  due 
to  the  fact  that  the  présence  of  two  forms  of  maies  in  each  species 
had  not  yet  been  recognized. 

The  external  différences  between  the  first-  and  second-form  maies 
bave  been  well  described  by  Hagen*  and  Faxon.® 

The  différences  may  hère  be  just  as  well  stated  in  Doctor  Faxon's 
words:® 

**  The  dififereDces  between  the  two  forma  affect  more  especially  the  first  pair 
of  abdominal  appeDdagee,  orgaos  ooDcemed  in  the  aot  of  coitioD,  but  also  exteod 
to  the  gênerai  form  and  sculpture  of  the  body.  In  one  form  [  unhappily  called  by 
Doctor  Hagen  the  ^second-form'  ]  the  first  pair  of  abdominal  appendages  hâve  a 
structure  nearly  like  that  seen  in  ail  young  maies.  The  hook  on  the  third  joint 
of  the  third  [in  some  species,  of  the  third  and  fourth]  pair  of  legs  is  small,  and 
in  the  sculpture  of  the  shell  and  shape  of  the  daws  this  form  approaches  the 
female.  In  the  other  form  [Hagen*s  '  first-form  '  ],  the  articulations  near  the 
base  of  the  fivst  pair  of  abdominal  appendages  are  gone  and  the  whole  member  is 
much  more  highly  specialized,  the  terminal  hooks  being  homy ,  more  widely  sepa- 
rated,  and  in  every  way  more  highly  developed;  in  those  species  with  bifid  tips 
to  thèse  appendages,  the  branches  are  longer,  slender,  more  widely  separated,  and 
stififer;  the  hooks  on  the  thoracic  legs  are  longer  and  more  perf ectly  finished , 
the  sculpture  of  the  whole  body  is  more  pronounced,  and  the  claws  are  longer 
and  more  powerful.  No  intermediate  conditions  are  found,  and  there  is  no  rela- 
tion between  thèse  forms  and  the  size  of  the  individual,  the  *  second  form*  being 
large  and  the  *  first  form'  small,  or  vice  veraa,** 

1.  See  Faxon  (  Walter),  "On  the  so-called  Dimorphism  in  the  Genus  Cambarus,^*  Âmer. 
Joar.  ScL,  toI.  XXVII,  pp.  42-44. 

2.  See  Hagen  (Hermann  A.),  "Monograph  of  the  North  American  Astaeidœ,"  111.  Cat. 
Mns.  Comp.  Zool.,  HarTard  Coll.  1870. 

3.  Hagen,  loe.  cit.,  p.  24. 

4.  Hagen,  loe.  cit. 

5.  Faxon,  loo.  cit.  Also,  "A  RoTision  of  the  Astacidae,"  pt.  I,  Mem.  Mus.  Comp.  Zool.,  toI. 
X.  No.4.    1885. 

0.  Faxon,  *'  On  so-caUed  Dimorphism,"  etc. 
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Doctor  Hagen  made  an  anatomical  examination  ^  of  first-  and  sec- 
ond form  maies  of  C.  acutus  Girard,  C.  virilis  Hagen,  and  C.  hartonii 
Fabrioias.  His  observations  were  made  from  a  very  limited  nnmber 
of  spécimens — probably  only  two  from  each  species — and  no  note 
was  made  of  tke  time  of  year  the  material  was  taken,  a  faotor  the 
significance  of  which  he  seems  to  bave  entirely  overlooked.  His  ob- 
servations were  tbat  tbe  testis  was  decidedly  larger  in  tbe  first-  than  in 
the  second-form.  He  says,  in  faot  :  "The  sexual  parts  of  the  second- 
form  maies  are  so  much  less  developed  that  it  would  be  allowable  to 
consider  them  as  stérile."  Hagen's  idea  was  that  in  the  older  maies 
of  the  second-form  the  sexaal  organs  hâve  failed  to  deveiop  and  are 
consequently  non-functional.  He  says:  "Bat  the  great  number  of 
f uU-grown  second-form  spécimens  in  every  specieç,  which  are  often 
even  larger  than  the  first-form  maies,  seems  to  prove  that  they  are  in- 
dividuals  which  hâve  remained  in  a  sexual  stage  that  does  not  Hfrree 
with  their  corporal  development — in  short,  they  are,  perhaps,  stérile." 

Tbe  size  of  the  arthropod  testis,  in  fact,  dépends  laigely  upon 
the  condition  of  the  éléments,  being,  for  instance,  larger  when  tbe 
sperm-cells  are  in  the  spermatocyte  stages  than  when  the  spermatozoa 
are  mature,  and  being,  of  course,  smaller  still  after  the  testis  bas  been 
evacuated. 

So  far  as  I  bave  been  able  to  observe,  the  testis  of  first-  and  second- 
form  maies  of  the  same  size,  taken  at  the  same  season  of  the  year,  are 
equally  developed,  it  being  impossible  to  détermine  from  an  exami- 
nation  of  the  testis  alone  whether  a  given  individual  is  first-  or  second- 
form. 

Faxon^  observed  that  the  so-called  first-  and  second-form  maies 
merely  represent  altemating  stages  in  the  life  of  the  individual. 
Spécimens  of  6'.  rusticus  Girard  kept  in  his  laboratory  copulated 
freely.  Shortly  after  they  exuviated,  and,  while  yet  soft,  they  were 
thrown  with  their  casts  into  alcohol.  Upon  later  examination,  it  was 
observed  that  the  casts  were  first-form — the  form  in  which  the  animal 
had  approached  the  female — while  the  animais  themselves  were  sec- 
ond-form. 

The  same  was  noticed  for  a  spécimen  of  C,  propinquus  Girard 
which  had  been  preserved  with  its  cast.  . 

I  bave  had  the  opportunity  of  watching  quite  closely  a  small  stag- 
nant pond  near  Lawrence,  Kan.,  in  which  occur  C,  gracilis  Bundy, 
C.  virilis  Hagen,  and  C,  immunis  Hagen.  As  C,  immunis  was  by 
far  the  most  abundant,  observations  were  made  on  it.  In  the  late 
summer  and  autumn,  the  proportion  of  first-form  maies  gradually  in- 
creased  ;  there  seems  to  be,  so  far  as  my  observations  go,  no  definite 

7.  Hagen.  loc.  oit.,  pp.  22-24. 

8.  Fazon,  "  Oq  so-oalled  Dimorphism,*'  etc. 
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time  at  which  ezuviation  takes  place.  This  point,  however,  should  be 
determined  more  definitely.  In  the  spring  of  1901,  (7.  immunis  ap- 
peared  in  the  above-mentioned  pond  early  in  March.  Ail  maies  col- 
lected  up  to  April  15  were  first-form.  On  April  20,  the  pond  was 
again  ezamined  and  a  large  number  of  second-form  maies,  yet  soft 
from  exuviation,  were  found.  On  April  25,  the  most  of  the  maies 
taken  were  second-form,  and  none  of  them  had  yet  attained  the  nor- 
mal degree  of  hardness.  A  large  proportion  of  the  first-form  maies 
were  evidently  nearly  ready  to  exuviate.  None,  however,  were  ob- 
served  in  the  act.  Upon  slipping  the  old  "shell"  from  first-form 
maies  ready  to  exuviate,  the  animais  in  their  new  condition  were 
plainly  seen  to  be  second-form.  Thus,  my  somewhat  more  extended 
observations  for  C.  immunis  Hagen  oonfirm  Dootor  Faxon's  impor- 
tant discovery,  that  the  "first"  and  "second"  forms  are  simply  alter- 
nating  periods  in  the  life  of  the  individual. 

While  neither  so  extended  nor  careful  as  for  C.  immunis,  my  ob- 
servations on  the  habits  of  C.  virilis  led  me  to  believe  that  the  proc- 
esB  is  the  same  in  this  species. 

Two  individuals  taken  in  the  above-mentioned  pond  are  deserving 
of  spécial  considération.  The  first  (No.  34),  a  spécimen  of  nearly 
three  inches  in  length,  was  coUected  on  the  morning  of  April  29, 
1901,  and  thrown  with  many  others  into  a  coUecting  can.  In  the 
aftemoon,  when  the  material  was  removed  and  examined,  it  was  no- 
ticed  that  this  spécimen  had  died  during  the  process  of  exaviation. 
The  cast  was  plainly  second-form,  as  was  also  the  animal  in  its  new 
condition.  The  pleopods  and  the  hooks  on  the  ischiopodites  were  de- 
cidedly  and  plainly  second-form  in  both  the  cast  and  the  exuviated 
animal.  The  old  chelse  resembled  those  of  the  second-form,  but  those 
of  the  soft  animal  were  so  much  distorted  that  they  offered  no  évi- 
dence of  value. 

The  other  spécimen  (No.  35)  was  collected  while  very  soft  from 
exuviation.  It  was  in  every  respect  a  clearly  marked  first-form  maie, 
and,  while  the  cast  was  not  secured,  it  seems  altogether  probable  that 
this  animal  must  hâve  passed  the  winter  in  the  first-form  condition. 
AH  maies  taken  up  to  this  time  in  the  spring,  with  the  one  exception 
of  No.  34,  were  first-form  maies,  as  were  ail  maies  of  this  species 
taken  late  in  the  fall. 

C.  immunis  ceases  to  be  constantly  second-form  long  before  it  at- 
tains  the  size  of  No.  34.  No.  35,  while  a  large  spécimen  for  C.  im- 
munis, was  very  slightly,  if  any,  larger  than  other  spécimens  collected 
in  the  same  place,  which  changed  from  first-  to  second-form  upon  ex- 
aviation. This  would  seem  to  indicate  that,  if  there  is  finally  reached- 
a  period  in  the  life  of  the  animal  in  which  it  is  constantly  in  the  first- 
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form  condition  and  if  No.  35  had  reached  this  stage,  the  beginning  of 
this  period  varies  with  différent  individuals. 

Thus,  in  the  two  cases  mentioned  above,  it  would  seem  that  we 
hâve  exceptions  to  the  gênerai  rnle  of  altemation  of  forma  ;  having 
in  one  case  a  large  second-form  individaal  retaining  the  second-form 
condition  after  ezuviation,  and  in  the  other  an  animal  which  was 
probably  in  the  first-form  condition  remaining  first-form  after  exuvia- 
tion.  It  seems  to  me  not  at  ail  improbable  that  No.  11  also  représenta 
one  of  thèse  "abnormal"  changes,  being  large  enoagh  to  be  in  first- 
form  condition,  and  yet  again  assuming  the  second-form  just  at  the 
time  when  ail  others  are  first-form. 

As  to  the  microscopic  condition  of  the  testes,  thèse  spécimens  are 
not  very  dissimilar  to  others  coUected  the  same  spring  (Nos.  21  to  37). 
Of  No.  34,  ail  the  lobes  and  the  vas  deferens  were  sectioned.  The 
lobe  is  made  up  proximally  of  emptied  foUicles.  Upon  this  foUows 
an  extensive  zone  of  spermatocytes,  many  of  them  in  active  raitosis. 
The  distal  end  of  the  lobe  is  occupied  by  the  spermatogonial  zone, 
which  is  composed  of  only  a  few  foUicles  in  one  of  the  lobes.  The 
vas  deferens  is  fiUed  with  spermatozoa.  Of  No.  35,  two  lobes  and  the 
vas  deferens  were  sectioned.  In  this  spécimen  the  posterior  lobe  is 
very  much  larger  than  either  of  the  anterior  lobes,  but,  so  far  as  our 
présent  considération  is  concemed,  this  seems  to  me  to  be  of  nogreat 
significance.  The  condition  of  the  éléments  is  very  similar  to  that  of 
No.  34.  The  vas  deferens  is  well  filled  with  spermatozoa.  In  both  of 
thèse  spécimens  we  notice  a  prédominance  of  spermatocytes.  The 
relative  extent  of  the  spermatocytes  as  compared  with  the  other  zones 
is,  with  the  exception  of  the  one  lobe  of  No.  34  mentioned  above,  not 
so  great  as  in  the  one  lobe  of  No.  37  which  was  examined.  With  the 
exception  of  the  proportionately  greater  extent  of  the  spermatooyte 
zone,  No.  37  is  very  similar  to  Nos.  34  and  35. 

Faxon,  in  his  paper  on  "Dimorphism,"  says:  "I  will  add  that  the 
maies  of  extraordinary  size  which  I  hâve  seen  are  ail  of  the  'first-form.' 
Do  thèse  very  old  individuals  cease  to  molt  ?  Do  they  become  per- 
manently  capable  of  reproduction  ?"  My  observations,  so  far  as  they 
extend,  confirm  those  of  Doctor  Faxon.  Having  seen  some  very  large 
seccnd-form  maies  of  both  C.  virilis  and  C,  immunis,  1  must  add, 
however,  that  this  observation  is  true  of  only  the  extraordinarily  large 
individuals.  While  such  a  hypothesis  seems  not  at  ail  unreasonable, 
I  should  like  to  examine  a  much  larger  séries  of  material  than  I  hâve 
yet  had  the  opportunity  of  doing  before  I  say  that  the  maies  reach  a 
permanently  first-form  condition.  It  seems  to  me  improbable  that 
the  old  individuals  should  cease  to  molt,  but  not  at  ail  improbable 
that  they  should  continue  in  the  same  form  after  molting. 
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Doctor  Faxon  soggests^  that  Doctor  Hagen's  method  of  designat- 
ing  the  two  phases  is  not  so  happy  as  might  be  desired. 

It  woald,  perhaps,  be  better  if  the  terma  were  jast  revereed,  and  the 
maie  in  the  condition  to  approach  the  female  were  called  form  II, 
since  that  designated  by  Hagen  as  form  II  is  the  form  in  which  we  first 
find  the  animal.  While  it  is  not  at  ail  descriptive,  I  can  see,  other  than 
that  mentioned  above,  no  serions  objection  to  Hagen's  terminology, 
especially  since  it  is  so  weU  established  in  the  literature.  It  surely  is 
very  convenient,  while  I  am  not  at  ail  sure  that  a  descriptive  term 
which  would  not  be  cumbersome  could  be  easily  found. 

No  dimorphism  in  the  maies  has  been  observed  in  Astacus,  nor,  so 
far  as  I  hâve  been  able  to  leam,  has  any  indication  of  it  been  found 
in  any  other  genus  of  the  Astacidœ,  unless  it  be  in  the  subgenus 
Camharoids,  where  Faxon^^  suspects  the  présence  of  two  forms  of  the 
maie,  as  in  Camhai'Uë,  Should  this  be  found  to  be  true,  it  would  cer- 
tainly  be  of  great  interest  from  a  phylogenetic  point  of  view.  It 
must  be  borne  in  mind,  however,  that  the  Parastacine  gênera  hâve  not 
been  nearly  so  thoroughiy  studied  as  those  of  the  Potamobine. 

A  fact  which  I  believe  has  not  heretofore  been  considered  in  the 
literature  on  the  dimorphism  of  Camharus  nevertheless  seems  to  me 
signifitsant.  In  A%tacu9^  according  to  Chantran,^^  after  the  third  year 
the  maies  molt  twice,  first  in  June  and  July,  afterwards  in  August 
and  September,  and  the  f emales  once,  from  August  to  September,  an- 
nually.  According  to  Huxley,^  copulation  takes  place  immediately 
after  the  completion  of  ecdysis,  in  the  early  autumn.  It  is  to  be  ob- 
served that  if  the  alternation  of  forms  in  Camharus  noticed  by  Faxon 
oocurs  regularly  year  after  year,  which  my  observations  tend  to  prove 
for  both  (7.  immunis  and  C,  virilis,  the  parallel  between  the  two  is 
quite  striking  ;  the  spring  ecdysis  of  Astacus  corresponding  to  that 
which  brings  Camharus  into  the  second-form  after  copulation,  while 
the  autumn  ecdysis  of  Astacus  correspondB  to  that  which  brings  Cam- 
harus back  into  the  form  in  which  it  is  ready  to  approach  the  female. 

Neither  Hagen's  nor  Faxon's  material  was  in  condition,  having 
lain  so  long  in  alcohol,  for  a  microscopic  détermination  of  the  condi- 
tion  of  the  contents  of  the  testis.  My  object  in  this  study  has  been 
to  supply  observations  on  this  point,  hoping,  by  caref ul  comparison 

9.  Faxon,  "On  8(y«alled  Dimorphism,"  etc. 

10.  Faxon,  M onofrraph,  p.  227. 

11.  Chantran,  8.  (1)  *' Obserrations  sur  la  formation  des  pierres  chez  les 
écrevisses,"  Compt.  Rend.,  t.  78,  pp.  665-667.  (2)  *'8urle  mechanisme  de  la 
dissolutioD  intra-stomacale  des  ooncrétions  gastriques  des  écrevisses,"  Compt. 
Rend.,  t.  79,  pp.  1230,  1231.  (3,  4)  <' Observations  sur  V  histoire  uaturelle 
Ecraesses,"  Compt.  Rend.,  t.  69  and  73. 

I  haTe  not  Men  thèse  papers,  but  malce  the  statement  on  the  authority  of  Dr.  C.  L.  Herriek, 
"The  American  Lobster.'^BuU.  U.  S.  Fish  Com.,  Toi.Xy  (Washington,  1896),  and  Hnzley  (T. 
H.),  "The  Crayflah."  —  j.  a.  h. 

12.  Hnzlejr,  loo.  cit. 
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of  the  sezual  organs,  to  get  some  idea  of  the  relation  of  the  repro- 
ductive éléments  to  the  physical  condition  of  the  animal,  and  in  this 
way  come  a  little  nearer  to  the  détermination  of  the  trae  significance 
of  the  occurrence  of  the  two  forma. 

As  the  title  indicates,  I  do  not  intend  this  as  a  final  paper,  there  be- 
ing  many  important  points  yet  to  be  ascertained  before  this  interest- 
ing  problem  is  fuUy  solved.  I  feel,  however,  that,  in  addition  to  the 
gênerai  survey  of  the  subject,  the  question,  the  answer  to  which  was 
the  original  stibject  of  the  investigation,  has  been  definitely  and  con- 
clusively  answered,  and  that  the  results  obtained  are  of  sufficient  in- 
terest  to  warrant  their  appearance  hère,  even  before  other  points 
which  hâve  been  suggested  in  the  course  of  the  work  are  decided. 

My  material  was  fized  in  Flemming's  fluid,  sometimes  with  a  vary- 
ing  amount  of  acetic  acid,  in  hope  of  counteracting  the  tendency  to  a 
vacuolation  of  the  cytoplasm  during  the  process  of  division,  embedded 
in  paraffin,  and  sections  prepared  by  the  usual  oytological  methods. 
Heidenhein's  iron-hœmatoxylin  and  the  safranin-gentian-violet- 
orange-G  methods  were  used  principally  as  staining  reagents. 

I  wish  to  express  hère  my  gratitude  to  Prof.  C.  E.  McClung  and 
Mr.  W.  S.  Sutton,  of  the  dapartment  of  zoology,  University  of  Kansas, 
where  the  work  was  done,  for  useful  suggestions. 

It  will  be  observed  that  in  comparing  the  condition  of  the  testes 
of  différent  individuals,  I  hâve  frequently  used  some  qualifying  term  ; 

as,   for  example,    "Condition  about  the  same  as  No. ."    This 

course  seemed  necessary  to  strict  accuracy  ;  for  while,  so  far  as  the 
essential  parts  are  concemed,  they  may  be  alike,  it  must  be  borne  in 
mind  that  considérable  individual  variation  is  to  be  expected.  Vari- 
ons causes  affect  the  relative  development  of  the  germ-cells  in  differ- 
ent  individuals.  In  Cambarus,  the  greatest  variation  occurs  in  the 
gênerai  form  of  the  testis — a  condition  which  would  imply  considér- 
able variation  in  the  relative  shape  and  arrangement  of  the  différent 
germ-cell  zones.  The  normal  testis  is  three-lobed — two  anterior  and 
one  posterior  ;  yet  those  which  hâve  become  almost  completely  f our- 
lobed  through  the  division  of  one  of  those  already  existing  are  not  at 
ail  uncommon. 

The  foUowing  table  shows  the  condition  of  the  testes  of  a  number 
of  individuals  of  the  two  forms.  Usually  but  one  lobe  was  examined  ; 
however,  in  cases  where  more  than  one  lobe  was  sectioned,  the  con- 
dition was  usually  found  to  be  essentially  the  same.  It  will  be  noted 
that  some  of  the  material  is  not  in  the  best  condition,  having  been 
prepared  under  unfavorable  circumstances.  I  might  say,  however, 
that  in  no  case  hâve  conclusions  been  even  suggested  from  poor  sec- 
tions which  seemed  in  any  important  way  différent  from  other 
préparations  with  which  they  were  compared.    The  greater  part  of  my 
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material  is,  I  believe,  in  as  good  condition  as  that  upon  which  many 
of  car  cytological  papers  are  based. 

No.  1.  C.  immunis,  F.  I.  About  two  inches  long.  August  24, 
1900. 

One  lobe  sectioDed.  Ât  the  proximal  eod  are  a  few  emptîed  follioles  and  more 
with  mature  spermatoasoa.  Also  various  sta^r^  of  spermatid  transformation, 
the  earlier  stages  being  for  the  most  part  towards  the  distal  end.  The  sperma- 
tids  extend  somewhat  more  than  one-half  the  length  of  the  lobe.  Then  foUow 
spermatocy tes  ;  and  flnally  an  area  of  spermatogonia,  about  one-sixth  the  length 
of  the  lobe  in  width.  An  occasional  division  figure  is  seen  among  thèse  sperma- 
togonia. 

No.  2.    C,  immunis,    F.  I.    About  two  inches  long.    July  27, 1900. 
Sections  not  in  plane  to  show  régions  to  best  advantage,  but  condition  seems 
to  be  about  same  as  No.  1. 

No.  3.  C,  immunis,  F.  II.  About  two  and  one-half  inches  long. 
August  2, 1900. 

AU  lobes  sectioned.  Sections  of  anterior  lobeç  not  perfect.  One  of  anterior 
lobes  seems  to  hâve  an  unusually  large  number  of  spermatogonia.  Condition 
otherwise  seems  to  be  about  same  as  No.  1. 

No.  4.  C,  immunis,  F.  II.  Size  of  individual  not  recorded; 
probably  about  two  inches  long.    Still  slightly  soft  from  exuviation. 

Only  one  lobe  sectioned.  With  the  exception  of  a  little  différent  appearance 
of  the  spermatogonia,  which,  from  comparison  with  other  material,  seems  to  me 
to  be  unimportant  in  this  connection,  this  seems  to  agrée  exactly  with  No.  1. 

No.  5.  C,  immunis,  F.  I.  About  two  inches  long.  August  24, 
1900. 

One  lobe  sectioned.  Proximal  end  shows  follicles  with  mature  spermatozoa. 
Farther  back  are  seen  follicles  containing  various  stages  of  spermatid  transforma- 
tion; then  follow  spermatocytes  and  finally  spermatogonia.  Condition  practi- 
cally  same  as  No.  1.  Vas  deferens  contains  a  considérable  number  of  spermatozoa. 

No.  6.  C,  immunis,  F.  I.  About  two  inches  long.  August  24, 
1900. 

Only  one  lobe  sectioned.    In  about  same  condition  as  No.  1. 

No.  7.  C,  immunis,  F.  I.  About  two  and  one-half  inches  long. 
August  31, 1900. 

One  lobe  sectioned.  Conditions  about  the  same  as  No.  1.  A  section  through 
the  vas  deferens  shows  the  présence  of  a  considérable  number  of  spermatozoa. 

No.  8.  C,  immunis,  F.  II.  About  three  to  three  and  one-half 
inches  long.    August  24,  1900. 

One  lobe  sectioned.    Condition  practically  identical  with  No.  1. 

No.  9.  C,  immunis,  F.  II.  About  two  and  one-half  inches  long. 
August  31,  1900. 

One  lobe  sectioned.    Condition  almost  exactly  same  as  that  of  No.  1. 


56  KANBAB  UNIVER8ITY  QUARTERLT. 

No.  10.  C,  immunis.  F.  II.  About  two  and  one-half  inohes  long. 
August  31, 1900. 

One  lobe  sectioDed.    Ck>Ddition  about  same  as  No.  1. 

No.  11.  C.  virilis.  F.  II.  Perfeotly  soft  from  sheddîng.  A  little 
over  two  inohes  long.    September  4,  1900. 

One  lobe  sectioneâ.  Seems  to  be  aboormal.  There  are  présent,  howe^er, 
almost  mature  éléments,  spermatids,  spermatocytes,  and  spermatogonia. 

No.  12.  C.  immunis.  F.  II.  About  two  inches  long.  Angust 
24,  1900. 

One  lobe  and  vas  deferens  sectioned.  Ck>ndition  of  lobe  praoticaUy  same  as 
No.  1.    Vas  deferens  contains  many  spermatozoa. 

No.  13.  C.  immunis.  F.  I.  Good.sized  individual.  Probably  two 
and  one-half  or  three  inches  long.  CoUected  in  burrow,  October  13, 
1900. 

One  lobe  and  vas  deferens  sectioned .  Prozimal  part  of  lobe  made  up  of 
emptied  follioles  and  thoce  yet  fiUed  with  mature  spermatozoa.  Farther  back 
are  seen  spermatids  in  various  stages  of  transformation,  some  of  them  quite  early. 
Â  few  follicles  with  spermatocytes  are  noted.  Bordering  immediately  on  the 
spermatid  région,  or  upon  the  scattered  follicles  of  spermatocytes,  is  seen  the  dia- 
tal  région  of  spermatogonia,  in  whioh  a  division  figure  isoocasîonally  to  be  noted. 

No.  14.  C.  immunis.  F.  I.  About  two  and  one-half  inches  long. 
August  21,  1900. 

Material  so  badly  oriented  and  broken  up  in  préparation  that  an  exact  dé- 
termination of  the  différent  régions  is  impossible.  Spermatozoa,  spermatids, 
spermatocytes  and  spermatogonia  are  found.  Apparently,  it  is  practically  the 
same  condition  as  No.  1.  Vas  deferens  shows  considérable  number  of  sperma- 
tozoa. 

No.  16.  C.  immunis.  F.  I.  About  two  or  two  and  one-half  inches 
long.    August  21,  1900. 

One  lobe  examined.    Ck>ndition  about  same  as  No.  1. 

No.  17.  C.  immunis.  F.  II.  About  two  inches  long.  August 
24, 1900. 

One  lobe  sectioned.    Ck>ndition  practically  same  as  No.  1. 

No.  18.    C.  immunis.    F.  II.    About  two  and  one-half  inches  long. 
August  2, 1900.     Still  fairly  soft  from  shedding. 
Ck>ndition  practically  same  as  in  No.  1. 

No.  20.  C.  virilis.  F.  I.  About  two  and  one-half  inches  long. 
CoUected  in  ice-cold  water  in  creek,  January  18, 1901. 

Sections  not  longitudinal,  and  so  arrangement  of  régions  is  uncertain.  Most 
of  the  follicles  are  fiiled  with  mature  spermatozoa;  in  some  few  the  spermatozoa 
are  apparently  not  quite  mature,  not  being  massed  together  at  the  oenter.  Fol- 
licles containing  spermatocytes,  and  a  greater  number  oontaining  spermatogonia, 
also  occur.  The  vas  deferens  contains  a  good  many  spermatozoa,  but  is  not 
nearly  full. 
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No.  21.  C.  immunis,  F.  I.  About  two  or  two  and  one-half  inches 
long.     March  19,  1901. 

AU  lobes  of  teetis  sectioned.  Proximal  ends  made  up  of  emptied  foUicles. 
Beyond  thèse  are  some  still  containing  apparently  the  original  number  of  sper- 
matozoa  of  the  preceding  season.  A  few  foUicles  are  fiUed  with  large  primary 
spermatogonia.  An  occasional  foUide  contains  spermatooytes  in  fine  spireme 
condition.  Those  of  the  distal  end  oontain  spermatogonia,  among  which  an  oc- 
casional division  figure  is  to  be  seen.  The  vas  déferons  is  well  fiUed  with  sperma- 
tozoa. 

No.  22.  C.  immunis,  F.  I.  Two  and  one-third  or  three  inches 
long.    Maroh  19,  1901. 

Two  lobes  and  vas  deferens  sectioned.  Is  in  praotically  same  condition  as 
No.  21. 

No.  23.  C.  immunis»  F.  I.  About  two  and  one-half  inches  long. 
Maroh  22, 1900. 

Two  anterior  lobes  and  vas  deferens  sectioned.  Condition  practicallj  same  as 
in  No.  21. 

No.  24.  C.  immunis.  F.  I.  About  three  inches  long.  March  22, 
1901. 

Vas  deferens  examined.    Well  fiUed  with  spermatozoa. 

No.  25.  C,  immunis,  F.  I.  About  two  and  one-half  inches  long. 
March  24, 1901. 

Somewhat  broken  up  in  préparation.  Condition  about  same  as  No.  21.  Sper- 
matooytes not  oommon.    FoUicles  do  not  contain  so  many  spermatozoa. 

No.  26.  C,  immunis.  F.  I.  About  two  and  one-fourth  inches 
long.     March  27,  1901. 

Two  lobes  sectioned.  Condition  largely  same  as  No.  21.  No  spermatocytes 
were  noticed  and  no  foUicles  still  containing  any  considérable  number  of  sper- 
matozoa.   Spermatogonial  région  more  extensive  than  in  No.  21. 

No.  27.    (7.  immunis.    F.  I.     Early  May,  1900. 

Sections  ratber  poor.  Lobe  seems  to  be  made  up  of  the  proximal  area  of  emp- 
tied foUicles  and  a  large  distal  area  of  spermatogonia,  among  which  occasional 
division  figures  are  to  be  observed.  The  vas  deferens  is  well  fiUed  with  sperma- 
tozoa. 

No.  28.    C.  immu7iis.    F.  II.    April,  1900. 

Sections  poor.  Conditions  practically  same  as  in  No.  27.  Vas  deferens  wel^ 
fiUed  with  spermatozoa. 

No.  29.    Cvirilis.    F.  IL    May  5,  1900. 

Sections  poor.    Conditions  probably  much  the  same  as  in  Nos.  27  and  28. 

No.  30.    Cvirilis.    F.  IL    May  5,  1900. 

Condition  largely  same  as  the  three  preceding.  In  Nos.  27  to  30,  taken  in  the 
spring  of  1900,  we  find  essentially  the  same  conditions,  both  in  C.  immunis  and 
C,  virilia,  as  those  observed  in  No.  21. 
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No.  31.  (7.  immunis,  F.  II.  About  three  inohes  long.  Slightly 
soft  from  exuviation.    April  20,  1900 

Two  lobes  sectioned.    Ck>ndition  same  as  No.  26. 

No.  32.  C.  immunis,  F.  II.  About  two  and  one-half  inches  long, 
Very  soft  from  exuviation.    April  21, 1901. 

One  lobe  seotioned.  Condition  seems  to  be  about  the  same  as  No.  36.  Va» 
deferens  well  fllled  with  spennatozoa. 

No.  33.  C,  immunis,  F.  I.  About  two  and  one-half  inches  long. 
Did  not  seem  to  be  nearly  ready  to  exuviate.    April  21, 1901. 

One  lobe  sectioned.  Ck>ndition  much  the  same  as  in  No.  31.  Vas  deferens 
well  filled  with  spennatozoa. 

No.  34.   See  body  of  paper,  pages  50  and  51. 
No.  35.   See  body  of  paper,  pages  50  and  51. 

No.  36.  C,  immunis,  F.  II.  About  three  inches  long.  Kept  in 
laboratory  in  second- form  condition  eight  days.    May  5, 1901. 

Two  anterior  lobes  sectioned.  Condition  much  the  same  as  in  No.  21.  Sper- 
matocytes  perhaps  somewhat  more  numerous,  and  spermatogonial  région  more 
extensive. 

No.  37.  C,  immunis,  F.  II.  About  three  inches  long.  Had  been 
kept  in  the  laboratory.  Had  been  in  second-form  condition  at  least 
ten  days.    May  — ,  1901. 

One  lobe  sectioned.  In  this  spécimen  nearly  ail  the  spermatogonia  hâve  gone 
over  into  early  spermatocytes.  The  région  of  spermatocytee  is  proportionately 
considerably  larger  than  the  spermatogonial  région  in  any  of  the  above-mentioned 
material.    The  vas  deferens  is  well  filled  with  spermatozoa. 

From  an  examination  of  Nos.  1  to  18  it  will  be  seen  that  no  constant 
différences  can  be  demonstrated  between  the  testes  of  first-  and  second- 
form  maies  ooUected  in  the  late  summer.  The  material  examined  in- 
cludes  spécimens  yet  comparatively  soft  from  exuviation  as  well  as 
those  which  hâve  apparently  been  in  first-  or  second-form  for  a  con- 
sidérable length  of  time.  An  examination  of  Nos.  21  to  37  shows  that 
in  the  spring  ecdysis,  as  well,  no  definite  différence  which  might  dé- 
termine the  time  of  the  change  of  form  is  to  be  observed. 

The  list  of  material  described  above  tends  to  show  that  the  main 
part  of  the  régénération  of  the  maie  sexual  éléments  takes  place  be- 
tween the  spring  exuviation,  in  which  the  animal  assumes  the  second- 
form,  and  late  in  August,  and  that  during  the  latter  portion  of  this 
period  the  animal  may  be  in  either  of  the  forma.  The  later  stages 
of  régénération  take  place,  so  far  as  I  hâve  been  able  to  observe,  in 
exactly  the  same  manner,  whether  the  animal  is  first-  or  second-form. 

While  advancing  this  theory  rather  tentatively,  it  seems  to  me  that 
from  the  évidence  at  hand  we  must  conclude  that  the  second-form 
represents  the  period  in  which  the  greater  part  of  the  régénération  of 
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the  sexual  éléments  takes  place,  but  that  the  limita  of  this  period  are 
not  definitely  determined  by  the  condition  of  development  of  the 
germ-cells.  In  other  words,  the  sexual  condition  of  the  animal  is  not 
the  only  determining  factor  to  be  taken  into  considération.  This  is 
well  shown  by  the  variation  observed  in  the  testes  of  individuals  in 
the  same  form  as  well  as  by  the  similarity  of  those  from  individuals 
of  différent  form,  and  also  by  the  occurrence  of  individuals  in  which 
the  alternation  of  forma  does  not  regularly  occur. 

SUMMART. 

The  principal  points  of  this  paper  may  be  briefly  summarized  as 
f  oUows  : 

1.  The  alternation  of  forma,  which  Faxon  observed  for  C.  i^sticus 
Girard  and  (7.  propinquus  Girard  bas  been  shown  for  C.  immunis 
Hagen,  and  without  doubt  occurs  in  C.  virilis  Hagen. 

2.  Exceptions  to  this  alternation  of  form  are  to  be  found  in  adult 
indviduals. 

3.  No  différence  can  be  detected  between  the  testes  of  fîrst-  and 
second-form  maies  taken  at  the  same  time  of  year,  either  as  regards 
gross  anatomy  or  microscopic  structure.  So  far  as  the  présence  of 
sexual  éléments  is  concemed,  therefore,  the  second-form  maie  is  as 
capable  of  copulation  as  is  the  first-form. 

4.  The  second-form  condition  probably  represents,  in  the  adult  in- 
dividual,  the  period  in  which  the  greater  part  of  the  régénération  of 
the  sexual  éléments  takes  place. 

5.  The  parallel  between  the  first-  and  second-form  maies  in  Cam- 
la7*tts  and  the  spring  and  fall  exuviation  of  Astacus  is  probably  not 
without  significance. 
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I. — INTRODUCTION. 

In  this  paper  it  is  my  purpose  merely  to  desoribe  briefly  certain 
appearances  observed  in  the  spermatocytes  and  early  spermatids  of 
Scolopendra,  leaving  the  complète  spermatogenesis  to  be  treated 
much  more  at  length  in  a  future  paper,  which  I  hope  soon  to  hâve 
ready  for  publication. 

The  terminology  employed  in  this  article  will  conform  as  closely 
as  possible  to  that  which  has  been  used  in  other  papers  coming  from 
thifl  laboratory  (  by  McClung^  and  Sutton^),  but  from  the  very  extraor- 
dinary  character  of  my  material,  several  new  terms  will  necessarily 
be  introduced.  Thèse  I  hâve  endeavored  to  make  as  descriptive  as 
poBsible  of  the  appearances  designated. 

I  wish  to  express  my  gratitude  to  Prof.  C.  E.  McClung  for  advice 
and  assistance  in  carrying  on  this  work.  My  thanks  are  due  also  to 
Mr.  W.  S.  Sutton  for  collecting  the  material  upon  which  thèse  obser- 
vations were  made,  and  for  varions  suggestions  at  différent  times. 

II. —  MATERIAL    AND    METHODS. 

The  material  upon  which  thèse  observations  were  made  was  col- 
lected  in  June,  1900,  in  Russell  county,  Kansas,  by  Mr.  W.  S.  Sutton. 
The  preceding  spring,  however,  some  material  from  other  forma  of 
myriopods  was  obtained  by  Prof.  C.  E.  McClung.  This  included  sev- 
eral species  of  both  diplopods  and  chilopods.  However,  as  the  form 
collected  by  Mr.  Sutton  proved  more  favorable,  the  greater  part  of 
thèse  observations  was  made  upon  it. 

The  species  in  question  is  the  large  reddish-brown  Scolopendra, 


1.  UcClungJC.  E.,  1899:  "A  Pecaliar  Nnclear  Elément  in  the  Maie  Reproductive  Cells  of 
iQsecU,"  Zool.  Bull.,  vol.  II,  No.  4.  Also,  same  author,  1900:  "The  Spermatooyte  DiTisioDs  of 
the  Acrididse,"  Kan.  UqIv.  Quar..  vol.  IX,  No.  1. 

'The  Spermatoffonial  Divisions  in  Brachystola  maflrna,"  Kan.  Univ. 
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found  abundantly  in  the  Southwest.  It  is  a  large  centipede,  about 
four  inches  long  and  four  lines  aoroes. 

Each  part  of  the  paired  testes,  whioh  lie  in  the  dorsal  région,  con- 
sista of  a  number  of  divisions.  Ajb  a  rule  thèse  divisions  are  made  up 
of  two  f ollicles,  tapering  toward  each  end,  placed  side  by  side  in  such 
a  way  that  they  roughly  resemble  a  diatom.  Occasionally,  however, 
thçy  are  single  ;  i,  6.,  they  consist  of  only  one  follicle.  The  lobes  are 
connected  to  the  vas  deferens  by  a  duct  attached  to  one  end  of  each 
follicle. 

The  testes  which  I  hâve  thus  far  examined  are  far  advanœd  in  de- 
velopment  and  contain  very  few  spermatogonia.  The  other  généra- 
tions of  the  germ-cell  are,  however,  very  well  represented. 

The  younger  spermatocytes,  with  a  few  spermatogonia,  are  arranged 
upon  the  periphery  of  the  follicle,  while  within  are  the  later  spermato- 
cytes and  spermatids  ;  and,  in  the  central  portion,  are  large  masses  of 
later  spermatids  and  spermatozoa  in  varions  stages  of  formation.  In 
most  of  the  testes  examined  the  spermatozoa  are  much  more  numer- 
ous  than  any  of  the  other  cell  générations. 

In  the  manipulation  of  this  material  two  fîxing  reagents  were  used  : 
Flemming's  chrom-osmium-acetic  mixture  and  Gilson's  nitro-acetic- 
sublimate  mixture.  Both  of  thèse  fixatives  gave  excellent  résulta,  but 
Gilson's  fluid  was  the  better.  The  fixation  with  this  was  perfect,  there 
being  no  shrinkage  or  other  apparent  distortions. 

Indeed,  the  only  disadvantage  of  the  Gilson  fixative  is  the  difficulty 
experienced  in  the  later  manipulation.  When  embedded  in  paraffin, 
the  material  is  so  soft  and  spongy  that  it  folds  upon  the  knife  in  ont- 
ting.  This  diificulty  was  obviated  in  the  foUowing  manner  :  The  ma- 
terial was  gradually  carried  up  to  absolute  alcohol,  from  which  it  was 
transferred  to  celloidin  and  allowed  to  infiltrate  thorougbly.  Then 
the  celloidin  was  allowed  to  evaporate  gradually,  until  it  was  of  the 
consistency  of  thick  cream.  Finally  ail  the  surplus  celloidin  was  re- 
moved,  and  the  mass  was  cleared  for  several  hours  in  chloroform. 
This  accomplished,  the  spécimen  was  infiltrated  with  paraffin  and  em- 
bedded in  the  same  substance.  The  material  eut  perfectly,  without 
any  wrinkling  or  distortion  of  the  sections,  and  without  any  of  that 
shrinkage  of  the  cells  which  often  occurs  when  the  ordinary  paraffin 
method  is  employed. 

In  staining,  a  considérable  number  of  reagents  were  employed. 
The  best  results  were  obtained  with  Heidenhain's  iron-hœmatoxylin, 
used  either  alone  or  in  connection  with  Congo  red;  Kemschwarz; 
and  the  Flemming  three-color  stain.  Fair  results  were  obtained  also 
with  Bismarck  brown,  methyl-green,  cyanin,  and  Auerbach's  methyl- 
green  and  acid  fuchsin. 
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III.  —  OBSERVATIONS. 

1.  The  Spermatocytes,  The  spermatocytes,  as  they  arise  from  the 
telophase  of  the  last  spermatogonial  division,  are  very  small  in  com- 
parison  with  the  truly  enormous  size  attained  by  them  later.  Even 
in  this  stage  their  size  varies  somewhat,  but  the  average  diameter  is 
not  more  than  ten  micra.  At  this  time  the  nuoleus  fiils  nearly  the  en- 
tire  body  of  the  cell,  and  its  chromatin  is  in  the  form  of  a  number  of 
short,  granular  segments.    (Fig.  1.) 

Thèse  segments,  by  their  disintegration  and  subséquent  union, 
form  the  spireme  seen  in  a  later  stage.  (Fig.  2.)  This  spireme  is 
similar  in  ail  respects  to  that  found  in  the  spermatocytes  of  insects  at 
the  same  stage  of  the  prophase. 

The  resemblance  of  the  spermatocytes  of  myriapods  to  those  of  in- 
sects is  still  f  urther  emphasized  by  the  présence,  within  the  nuclear 
cavity,  of  that  peculiar  chromatic  élément  known  as  the  accessory 
chromosome. 

As  is  the  case  in  insects,  this  élément  lies  immediately  against  the 
nuclear  membrane.  It  stains  intensely  with  ail  chromatin  reagents 
employed,  and  in  other  ways  behaves  as  does  the  accessory  chromo- 
some of  insects.  It  is  peculiar,  however,  in  that  it  is  approximately 
spheârical  in  form. 

At  this  stage,  the  cytoplasm,  although  much  more  voluminous 
than  in  the  spermatogonia,  is  relatively  small  in  amount  as  com- 
pared  with  what  it  becomes  later.  It  is  finely  reticular  in  structure  and, 
as  far  as  observed,  contains  no  centrosome  or  idiozome.  Yolk  ma- 
terial  is  sometimes  présent  in  small  quantities. 

When  the  cell  bas  reached  the  stage  represented  in  fig.  2,  the 
chromatin  spireme  gradually  breaks  down,  and  the  nucleus  is  filled 
with  a  looser,  less  densely  staining  reticulum,  as  represented  in  fig.  3. 
This  reticulum  continues  to  becorae  finer  and  less  dense,  until  the  cell 
finally  reaches  the  stage  represented  in  fig.  4,  where  the  nuclear 
cavity  is  filled  with  a  beautiful  regular  network  composed  of  faintly 
staining  fibers.  Most  of  the  cells  remain  in  this  condition  until  the 
active  prophase  begins  with  the  formation  of  the  tetrads.  Some, 
however,  go  still  farther,  and  in  thèse  the  reticulum  of  the  nucleus 
could  not  be  distinguished  from  that  of  the  cytoplasm  were  it  not  for 
the  nuclear  membrane  enclosing  it.  Thèse  cells  are,  moreover,  larger 
than  the  ordinary  ones  at  this  stage. 

Meanwhile  the  accessory  chromosome  has  undergone  very  marked 
changes.  It  has  increased  in  size  much  out  of  proportion  to  the  rest 
of  the  nucleus,  as  is  shown  in  fig.  4.  It  is  still  approximately  spher- 
ical  in  form  and  shows  the  same  affinity  for  chromatin  stains  which 
is  characteristic  of  it  in  preceding  stages. 

ft-K.U.Qr.    A-x2 


64  KANSAS  UNIVERSITY  QUARTERLY. 

Synchronously  with  thèse  changes  in  the  charaoter  of  the  nucleus, 
the  cell  bas  undergone  a  truly  remarkable  increase  in  size.  In  the 
early  spireme  stage  the  average  diameter  of  the  cell  was  about  ten 
micra  ;  now  the  average  diameter  is  thirty-five  micra,  and  the  laigest 
cells  reach  an  enormous  size,  their  diameter  being  about  ninety  micra. 
By  this  extensive  growth  the  oytoplasm  bas  increased  in  amount  much 
more  than  bas  the  nucleus  (fig.  4),  but  still  shows  its  finely  reticular 
structure.  Embedded  in  the  meshes  of  this  network  are  large  masses 
of  yolk  material.  This  food  substance  geperally  forms  a  zone  sur- 
rounding  the  nucleus,  the  inner  portion  being  but  little  denser  than 
the  cytoplasm,  while  the  outer  portion,  which  is  of  ten  broken  up  into 
uneven  projections,  stains  much  more  densely.  Occasionally  the 
deutoplasm  is  not  arranged  in  the  manner  described,  but  is  distributed 
irregularly  around  the  nucleus  in  masses  of  varions  sizes.  At  this 
stage  I  hâve  been  unable  to  find  any  centrosome  or  attraction  sphère. 

As  will  be  seen  from  the  plates,  the  spermatocyte,  during  this  dif 
fuse  reticular  stage,  approaches  very  nearly  the  egg  type.  Indeed, 
this  similarity  is  so  striking,  that  upon  a  superficial  examination,  I 
was  inclined  to  believe  that  thèse  cells  were  really  egg-cells,  and,  as 
varions  stages  of  the  maie  germ-cells  were  also  présent,  that  the  ani- 
mal, contrary  to  gênerai  belief,  was  hermaphrodite.  However,  upon 
f urther  study,  this  first  impression  was  soon  found  to  be  erroneoas,  as 
the  true  character  of  the  cells  was  then  conclusively  apparent. 

So  far  as  I  hâve  been  able  to  leam,  maie  cells  so  very  similar  to  the 
egg-cells  hâve  never  been  described.  For  that  stage  of  the  prophase 
in  the  spermatocytes  of  Scolopendra  I  wish  to  propose  the  name  of 
the  pseudO'Çerminal-vesicle  stage.  At  this  time  the  nucleus  is,  in  ap- 
pearance,  identîcal  with  the  typical  germinal  vesicle  of  the  egg.  It  is 
small  in  proportion  to  the  amount  of  cytoplasm,  and  is  situated  some- 
what  eccentrically.  The  reticulum  is  very  similar  in  appearance  to 
that  of  the  immature  ovum,  and  the  accessory  chromosome  resembles 
very  closely  the  germinal  spot  of  the  female  élément.  Indeed,  the 
later  behavior  of  the  accessory  chromosome  is  very  much  like  that  of 
the  germinal  spot  in  those  eggs  in  which  the  chromosomes  are  derived 
from  this  élément. 

From  the  diffuse  germinal  vesicle  stage  described,  the  chromatin 
reappears  as  a  number  of  diffuse  masses.  Thèse  quickly  assume  a 
form  identical  with  that  of  the  typical  insect  tetrad,  described  by 
Paulmier^  in  Anasa,  and  by  McClung*  in  Ilippiscus,  The  process 
of  the  formation  of  thèse  tetrads  is  so  rapid  that  they  often  appear  to 
arise  from  the  diffuse  pseudo-germinal- vesicle  stage  as  well-detined 

3.  Paaimier,  F.  G.  1899  :  "  The  Spermatogenesis  of  Anasa  tristiB,"  Joar.  Morph.,  toL  XV.  Sup- 
p!  ornent. 

4.  MeClnng,  C.  £.,  1900,  ioc.  cit. 
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tetrads,  without  having  passed  through  any  of  the  interveniDg  stages. 
Several  of  thèse  tetrads  may  often  be  seen  in  a  nacleus,  and  among 
them  are  flaky  masses  of  chromatin  from  which  the  rest  are  to  be 
formed.  In  thèse  nuclei  the  accessory  chromosome  is  always  irregular 
in  form  and  granular  toward  the  outside,  showing  that  the  substance 
from  which  the  tetrads  are  formed  is  derived  from  its  substance.  Thèse 
tetrads  assume  ail  the  typical  forms  described  for  them  in  Avasa  and 
Hippiscus  (fig.  6),  and,  as  in  the  cells  of  those  animais,  may  ail  be 
ref erred  to  a  single  type,  their  apparent  diversity  of  form  being  caused 
either  by  the  point  from  which  they  are  seen  or  by  a  slight  natural 
modification. 

The  tetrads,  as  they  first  appear,  are  rather  elongated,  the  longi- 
tudinal split  being  much  more  pronounced  than  the  transverse  one. 
At  first  they  are  composed  of  rather  coarse  granules  or  flakes  of 
chromatin  loosely  arranged,  but,  as  the  cell  approaches  division,  the 
granules  become  finer  and  arrange  themselves  in  masses,  which  stain 
much  more  densely  with  chromatin  stains.    (  Figs.  6,  7.  ) 

It  is  at  about  this  time  that  the  centrosome  appears.  (Fig.  7.)  It 
is  first  to  be  seen  in  the  yolk  material,  which  at  this  stage  is  collected 
in  a  large,  irregular  mass  at  one  side  of  the  nucleus.  The  centrosome 
is  a  rather  prominent  dumb-bell-shaped  body  contained  in  a  clear 
space,  fairly  well  differentiated  from  the  surrounding  deutoplasm. 
At  this  stage  it  is  not  nearly  so  large  as  it  becomes  later,  in  the  pro- 
phase  and  in  the  metaphase. 

From  this  time  the  movements  of  the  centrosome  can  be  traced 
clearly,  up  to  the  telophase  of  the  succeeding  division.  The  dumb- 
bell-shaped  figure  elongates  and  fînally  constricts  (fig.  8),  forroing 
two  spherical  bodies.  Astral  radiations  then  appear  and  the  centro- 
somes  move  toward  the  nucleus  and  finally  come  to  rest  upon  the  nu- 
clear  membrane.  (Fig.  9.  )  The  astral  radiations  become  more  marked 
and  the  centrosomes  move  slowly  apart  upon  the  membrane.  (Figs. 
9,  10,  11,  12). 

When  they  hâve  reached  points  about  100  degrees  apart,  the  nu- 
clear  membrane  begins  to  disappear.  That  part  over  which  the  cen- 
trosomes hâve  not  passed  in  their  migration  is  the  first  to  be  dissolved, 
while  the  portion  between  the  centrosomes  persists  for  some  time,  as 
is  shown  by  the  numerous  cells  in  which  it  is  still  to  be  found. 
(Figs.  11,  12.)  At  this  stage  the  astral  rays  are  more  marked  than 
at  any  preceding  time,  but  are  not  so  prominent  as  they  become  later, 
in  the  metaphase  and  anaphase. 

While  thèse  phenomena  hâve  been  occurring,  the  tetrads  hâve  also 
changed.  They  hâve  lost  their  granular  character  and  ragged  out- 
line,  hâve  become  much  more  homogeneous,  and  hâve  assumed  an  ap- 
proximately  spherical  form.    They  can  no  longer  be  distinguished 
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from  the  accessory  chromosome,  which,  on  account  of  îts  greater 
density  and  its  nearly  spherical  form,  could  be  easily  observed  up  to 
this  time. 

Since  the  pseudo-germinal- veeicle  stage,  the  accessory  chromosome 
has  undergone  several  interesting  changes.  As  we  hâve  seen,  it  is 
then  remarkable  for  its  large  size  and  strong  affinity  for  chromatin 
stains.  In  the  active  prophase  following  this,  while  the  chromatin  is 
coUecting  in  diffuse,  flaky  masses  preparatory  to  tetrad  formation, 
this  élément  decreases  much  in  size,  and  at  the  same  time  its  outline 
becomes  very  irregular.  In  a  later  stage,  shown  in  figs.  5, 9,  the  con- 
tour  of  this  élément  has  again  become  regular;  it  has  resumed  its 
spherical  form,  and  has  diminished  in  size,  until  now  it  is  no  larger 
than  a  chromosome  in  the  metaphase  of  the  first  spermatocyte  division. 
It  goes  to  the  equatorial  plate  without  previously  showing  any  sign 
of  division. 

I  can  see  but  one  plausible  explanation  for  the  behavior  of  the  ac- 
cessory chromosome  in  the  pseudo-germinal-vesicle  stage  and  in  the 
late  prophase  succeeding.  While  the  nucleus  is  in  the  diffuse  condi- 
tion, it  would  seem  that  the  accessory  chromosome  acts  as  a  store- 
house  for  practically  ail  of  the  chromatin  of  the  cell,  or,  more 
properly,  serves  as  a  center  around  which  the  chromatin  becomes 
condensed.  As  has  been  mentioned  before,  the  later  behavior  is  very 
similar  to  that  of  the  germinal  spot  in  some  eggs. 

With  the  disappearance  of  the  nuclear  membrane,  mantle  fibers  are 
seen  Connecting  each  centrosome  with  the  chromosomes.  (Fig.  11.) 
The  chromosomes  heretofore  distributed  irregularly  throughont  the 
nuclear  space  are  drawn  into  the  equatorial  plate,  and  a  very  short 
spindie  is  formed.    (Fig.  13.) 

Later  the  centrosomes  move  apart  some  distance,  until  the  cell  pré- 
sents the  appearance  represented  in  fig.  15.  By  this  movement  the 
shape  of  the  chromosomes  is  altered  somewhat,  and  they  now  show 
signs  of  division.  At  this  stage  the  astral  rays  can  be  seen,  Connect- 
ing the  centrosomes  with  the  cell  membrane.  They  are  very  distinct, 
and  there  is  no  question  but  what  they  really  extend  from  the  centro- 
some  to  the  cell  membrane.  From  their  séparation  upon  the  nuclear 
membrane,  up  to  this  time,  the  centrosomes  hâve  been  of  an  irregular 
spherical  form.  Now,  however,  their  shape  is  changed,  and  they  ap- 
pear  as  rather  large,  cone-shaped  masses,  with  their  apioes  tumed 
toward  the  equatorial  plate.  (Figs.  15,  16.)  At  no  time  is  the  ont- 
line  of  the  centrosome  exactly  spherical. 

When  the  cell  has  reached  this  stage  a  very  unusual  thing  occurs. 
By  the  contraction  of  the  astral  rays  attached  to  the  cell  membrane 
the  centrosomes  are  drawn  still  farther  apart,  and  take  up  their  posi- 
tion at  points  a  short  distance  from  the  cell  membrane.     (Fig.  16.) 
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The  peculiar  thing  is  that  the  mantle  fibers  no  longer  converge  to- 
ward  the  oentrosomes,  but  to  the  points  which  the  centrosomes  occu- 
pied  before  their  last  migration.  From  this  center  of  convergence, 
which  I  will  call  the  apical point,  parallel  strands  of  linin  extend  to 
the  centroBome.  Thèse  linin  bands  are,  I  believe,  but  the  continua- 
tion of  the  mantle  fibers.  Radiating  fibers  are  now  seen  extending 
out  into  the  cytoplasm,  from  the  apical  point  as  well  as  from  the  cen- 
trosome  propeir,  although  those  from  the  latter  are  much  more  distinct. 
The  astral  rays  Connecting  the  centrosome  and  the  cell  membrane  are 
still  more  pronounced  at  this  stage.  The  centrosome  is  still  conical 
in  for  m. 

The  centrosomes  again  move  apart  and  take  up  their  final  position 
upon  the  cell  membrane,  where  they  are  flattened  out  into  rather  large 
hemispherical  bodies.  Well-marked  astral  radiations  still  extend  out 
into  the  cytoplasm.  By  thèse  last  movements  of  the  centrosomes  the 
chromosomes  hâve  been  drawn  apart,  and,  by  the  synchronous  con- 
traction of  the  mantle  fibers,  hâve  been  drawn  toward  the  pôles,  and 
come  to  rest  at  the  point  at  which  the  mantle  fibers  converge,  where 
they  are  arranged  in  a  densely  packed  mass.     (Fig.  17.) 

When  the  chromosomes  hâve  taken  up  their  final  positions  the 
cell-walls  begin  to  constrict.  As  this  proceeds  the  fibers  Connecting 
the  two  daughter  masses  of  chromatin  are  crowded  together  into  a 
bundle,  which  finally  présents  the  appearance  represented  in  fig.  20. 
A  midbody,  or  zwischenkôrper,  is  forraed  at  the  point  where  the  con- 
stricting  wall  approaches  this  bundle  of  persisting  fibers.  This  is 
composed  of  a  number  of  small,  darkly  staining  bodies  about  equal  in 
number  to  the  chromosomes.  Thèse  bodies  are  arranged  close  together 
upon  the  periphery  of  the  bundle  in  such  a  manner  as  to  form  a  ring. 
(  Fig.  20.  )  A  similar  appearance  has  been  described  by  McGregor^ 
in  Amphiuma,  In  Scolopendra,  however,  this  ring  does  not  persist, 
as  is  the  case  in  Amphiuma. 

The  division  figures  of  the  second  spermatocytes  are  very  similar 
to  those  of  the  first.  Indeed,  the  two  générations  can  be  distinguished 
only  by  the  character  of  the  chromosomes.  A  short  spindle  is  formed 
(  fig.  21  ),  and  the  cell  undergoes  changes  similar  to  those  in  the  first 
spermatocytes.  In  the  early  telophase  the  cell  présents  the  appear- 
ance represented  in  fig.  22.  The  daughter  masses  of  chromatin  are 
smaller  than  in  the  corresponding  stage  of  the  first  division.  The 
chromosomes  are  so  closely  raassed  together  that  the  outlines  of  the 
individual  éléments  cannot  be  distinguished,  although,  of  course,  they 
do  not  lose  their  individuality.  Connecting  fibers  extending  from 
one  daughter  plate  to  another  are  plainly  visible,  and  astral  radiations 

5.  McGregor,  J.  H.  :  "  The  Spermatogenesis  of  Amphiuma,*' Jour.  Morpb.,  ▼ol.  XV.  Sup- 
plément. 
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are  also  to  be  seen  proceeding  oui  into  tbe  cytoplasin.  The  ceniro- 
Bomes  are  lather  large,  hemispherical  bodies,  in  close  contact  with  the 
cell-wall.  Midway  between  tbe  daughter  plates  tbe  cell  membrane 
shows  évident  signs  of  constriction. 

In  a  later  stage,  shown  in  fig.  23,  the  cell  membrane  constricts  in 
tbe  plane  of  division,  and,  as  this  advances  toward  the  center  of  the 
cell,  the  fibers  persisting  between  the  daughter  masses  of  chromatin 
are  crowded  together  so  as  to  form  tbe  well-known  spindle  remains. 
A  midbody  is  formed,  as  in  the  telophase  of  the  first  spermatocytes. 
The  centrosomes  still  persist,  although  they  bave  diminished  in  size, 
and  the  astral  radiations  bave  disappeared.  They  are  still  to  be  f  ound 
in  close  contact  with  the  cell  membrane  at  the  ends  of  the  cell  f arthest 
from  the  plane  of  division.  Tbe  cytopasm  has  resumed  its  reticular 
character.  The  last  trace  of  yolk  material  disappeared  at  about  the 
time  of  the  disintegration  of  tbe  nudear  wall  in  the  first  spermato- 
cytes (  fig.  12  ),  and  none  has  yet  reappeared.  The  chromosomes  bave 
become  separated  from  each  other  and  are  irregularly  distributed 
throughout  the  nuclear  vesicle,  which  at  this  time  is  sarrounded  by  no 
well-defined  membrane.  At  this  stage  they  still  préserve  their  regular 
outlines.  ' 

2.  Th^  Sperviatids,  The  spermatids,  as  they  arise  from  the  last 
maturation  division,  are  rather  small  cells,  with  the  nucleus  placed 
somewhat  eccentrically.  Fig.  24  représente  one  eut  through  the  short 
diameter  of  tbe  cell.  The  cell  membrane  is  fairly  well  defined  and 
the  nucleus  is  spberical  in  shape,  as  usual.  At  first  the  chromosomes 
are  regular  in  outline  but  soon  break  down,  and  the  nucleus  is  oocu* 
pied  by  a  number  of  irregular  chromatin  masses.  Linin  fibers  can 
be  seen  Connecting  the  chromatin  masses. 

When  the  cell  has  reached  this  stage  a  very  remarkable  thing  bap- 
pens.  The  nuclear  wall  sends  out  a  projection  upon  one  side  (  fig.  25), 
and  into  this  protubérance,  which  is  still  eurrounded  by  the  well- 
defined  nuclear  membrane,  several  of  the  irregular  chromatin  masses 
pass.  Thèse  are  still  connected  with  each  other,  and  with  the  other 
masses  of  chromatin  in  the  nucleus,  by  linin  fibers.  The  number  of 
thèse  masses  which  pass  into  this  bud  or  protubérance  varies  some^ 
what,  but  is  generally  two  or  three. 

This  protubérance  soon  shows  signs  of  constricting  off  from  the 
main  body  of  the  nucleus  (fig.  26),  and  at  this  period  the  nucleus 
présents  much  the  appearance  of  a  yeast  cell  during  the  process  of 
budding.  This  body,  for  which  I  would  propose  the  name  of  itamere 
(the  word  indicating  the  bebavior  of  this  body),  becomes  constricted 
off  from  the  nucleus,  and,  moWng  out  through  the  cytoplasm,  finally 
passes  through  the  cell  membrane  and  is  extruded  from  the  cell. 
Varions  stages  in  the  migration  of  this  peculiar  structure  are  repre- 
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seuted  in  figs.  25  to  30.  In  fig.  26  the  itomere  bas  nearly  constricted 
off  from  the  nucleus.  In  fig.  27  it  bas  left  tbe  nuclens  and  is  seen 
free  in  tbe  cytoplasm,  surrounded  by  a  ratber  well-defined  membrane. 
Tbe  nuclear  membrane  remains  open  at  tbe  point  from  wbicb  it  was 
constricted,  and  tbe  course  tbe  itomere  bas  taken  tbrougb  tbe  cyto- 
plasm  is  plainly  visible.  In  fig.  28  it  is  seen  extending  from  tbe 
nacleus,  witb  wbicb  it  is  still  connected,  to  tbe  cell  membrane.  In 
fig.  28  it  bas  reacbed  tbe  cell  membrane,  and  in  fig.  29  bas  been  ex- 
traded  and  tbe  membrane  bas  apparently  closed  bebind  it. 

In  ail  tbese  cases  tbe  nucleus  bas  remained  open,  and  tbe  patbway 
left  by  tbe  itomere  in  its  passage  tbrougb  tbe  cytoplasm  can  be 
plainly  distinguisbed.  Tbe  best  stain  for  demonstrating  tbe  stages 
jast  described  is  obtained  by  using  Heidenbain's  iron-bœmatoxylin 
in  connection  witb  Congo  red.  Tbe  cbromatin,  as  usual,  takes  on  a 
dense  black  stain,  tbat  of  tbe  nucleus  and  tbat  of  tbe  itomere  stain- 
ing  precisely  alike.  Tbe  ground  substance  of  tbe  cytoplasm  takes  on 
a  transparent  red  stain,  against  wbicb  tbe  ôbers  forming  tbe  reticu- 
lum  stand  out  plainly.  Tbe  patbway  left  by  tbe  itomere  stains  a 
little  darker  red  tban  tbe  groundwork  of  tbe  reticulum. 

Tbe  budding  process  and  tbe  extrusion  of  tbe  itomere  is  accom- 
panied  and  succeeded  by  a  great  increase  in  tbe  size  of  tbe  cell,  as 
can  plainly  be  seen  by  consulting  tbe  plates.  At  first  tbis  growtb  is 
more  marked  in  tbe  cytoplasm  (figs.  24-27),  but  later  tbe  nucleus 
also  grows,  altbougb  not  in  proportion  to  tbe  cytoplasm.  (Figs.  29- 
31.)  As  far  as  I  am  informed,  sucb  a  remarkable  increase  in  tbe 
amount  of  cytoplasm  bas  never  been  described  in  tbe  spermatids. 

Dnring  tbis  growtb  period  masses  of  deutoplasm  are  présent  in  tbe 
cells  in  more  or  less  abundance.  Tbe  first  évidence  of  yolk  observed 
in  tbe  spermatids  appears  at  tbe  time  of  tbe  protrusion  of  tbe  itomere. 

Tbus  tbe  formation  and  extrusion  of  tbe  itomere  seem  to  bave 
some  connection  witb  tbe  succeeding  growtb  of  tbe  cell  and  tbe  ap- 
pearance  of  yolk  substance,  as  well  as  witb  tbe  origin  of  anotber  struc- 
ture conceming  wbicb  I  sball  speak  later. 

I  wisb  now  to  retum  to  a  considération  of  tbe  bebavior  of  thecentro^ 
some.  Tbe  last  time  tbe  centrosome  was  mentioned  it  was  a  ratber 
small,  darkly  staining  body,  in  close  contact  witb  tbe  cell  membrane, 
upon  tbat  side  of  tbe  cell  farthest  from  the  plane  of  division.  At  tbis 
time  no  radiations  are  to  be  seen  proceeding  from  it  and  it  is  sur- 
rounded by  no  idiozome  or  attraction  sphère.  From  tbis  place  tbe  cen- 
trosome can  be  traced  for  a  time,  but  is  lost.  Later  it  reappears,  and 
from  tbis  time  can  be  traced  to  its  final  position  in  tbe  middle  pièce 
of  tbe  spermatozoon.  It  leaves  its  place  upon  tbe  membrane  and,  up 
to  a  time  wben  tbe  budding  process  is  well  under  way,  may  be  seen  at 
varions  places  in  tbe  cytoplasm.    There  it  disappears  and  is  not  again 
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seen  until  the  stage  représentée!  in  fig.  30  is  reached,  when  it  has 
taken  up  its  position  near  the  nucleus,  at  one  side  of  the  opening  in 
the  nuclear  membrane.  At  the  time  of  the  disappearance  of  the  cen- 
trosome,  masses  of  deutoplasm  hâve  become  abundant  in  the  cell,  and 
it  is  very  probable  that  this  élément  is  merely  ooncealed  by  one  of 
thèse  and  that  it  will  be  foand  on  further  study. 

As  before  stated,  the  pathway  left  by  the  itomere  in  its  passage 
through  the  cytoplasm  can  be  easily  distinguished.  As  the  cell  in- 
creases  in  size,  this,  instead  of  becoming  more  faint,  as  one  might  ex- 
pect,  gradually  becomes  plainer  and  more  easily  distinguishable  (figs. 
29-33),  until,  in  the  stage  represented  in  fig.  34,  it  stands  ont  as  a 
densely  staining  black  Une — the  axial  filament.  This  is  formed,  not 
by  an  outgrowth  or  elongation  of  the  centrosome,  as  has  been  de- 
scribed  for  other  objects,  but  by  the  collection  and  condensation  of 
the  fibers  of  the-cytoplasmic  reticulum.  In  earlier  stages  (fig.  32),  a 
cross-section  of  the  pathway  left  by  the  itomere  shows  a  rather 
diffusely  staining  area,  toward  which  the  fibers  composing  the  reticu- 
lum converge  as  toward  a  centrosome.  At  this  stage,  however,  the 
centrosome  can  be  clearly  distinguished  at  a  point  near  the  nucleus 
and  at  one  side  of  the  position  subsequently  occupied  by  the  axial 
filament.  Later,  it  moves  directly  into  the  course  of  the  future  axial 
filament,  which,  at  this  period,  stains  more  densely,  and,  altbough 
still  somewhat  granular  and  indefinite  in  appearance,  stands  out  much 
morè  distinctly  than  at  any  préviens  time.     (Figs.  33,  34.) 

While  this  is  taking  place  the  cytoplasm  becomes  vacuolated  in 
the  région  surrounding  the  axial  filament.  The  large,  rather  elongated 
vacuoles  extend  with  their  longer  diameters  approximately  parallel  to 
the  course  of  this  structure. 

The  significance  of  this  vacuolation  appears  to  be  in  the  fact  that 
the  previously  fine  reticulum  is  being  broken  down  and  reformed  into 
fibers  extending  parallel  to  the  axial  filament,  thus  leaving  large 
clear  spaces  in  the  cytoplasm.  In  later  stages  thèse  fibers  become  col- 
lected  and  condensed,  and  in  the  mature  spermatozoôn,  altbough  they 
still  préserve  their  individuality,  cannot  be  distinguished  from  each 
other  without  the  aid  of  macération.  The  origin  of  the  axial  fila- 
ment in  Scolopendra  from  the  fibrillar  reticulum  of  the  cytoplasm 
agrées  with  the  discoveries  by  Ballowitz^  of  the  fibrillar  charaoter  of 
this  élément  in  spermatozoa.  He  describes  it  as  being  made  up  of  a 
large  number  of  parallel  fibrillae. 

The  axial  filament  being  thus  definitely  formed,  farther  changes 
consist  in  its  elongation,  and  this  continues  until  it  is  several  hundred 
micra  in  length.    Its  later  growth  is  accompanied  by  a  corresponding 

6.  Ballowitz,  E.,  1891:  "Weitere  Beobachtnnsen  uber  den  feinerea  Baa  der  Saagaihier- 
•permatoBoen."    Zeitwhrift  fur  wUsenacbaftliche  Zoologie.    Bd.  LU. 
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lengthening  of  the  cell.  Wben  the  spermatid  has  reached  the  stage 
shown  in  fig.  35,  the  cell  outline  in  the  région  posterior  to  the  nucleus 
is  very  difficult  to  follow. 

An  aorosome  first  appears  at  this  stage,  at  the  side  of  the  nucleus 
opposite  the  base  of  the  axial  filament.  This,  at  this  time,  is  a  spatu- 
late  vacuole,  which  shows  no  affinity  for  chromatin  stains.  In  later 
stages  this  body  increases  much  in  size  and  stains  weakly  with  iron- 
haematoxylin.     (  Figs.  38,  39.) 

Conceming  the  later  changes  in  the  spermatid  I  will  say  nothing  in 
this  paper,  but  will  merely  show  a  f ew  of  the  observed  stages  by  draw- 
ings. 

IV.— OOMPARISON  OF   LITERATURE. 

The  Âccessory  Chromosome. — Until  quite  recently  the  true  nature 
of  the  accessory  chromosome  was  not  understood,  and  by  various 
writers  it  has  been  classified  among  that  very  ill-defined  group  of 
bodies,  the  nucleoli.  It  was  first  observed  by  Henking,^  and  by  him 
called  a  nucleolus.  Later  observers,  Vom  Rath,^  Wilcox,®  Moore,^*^ 
and  Wagner,^^  hâve  evidently  had  much  the  same  undôrstanding 
of  its  nature,  as  they  classified  it  similarly.  In  1898  Montgomery^^ 
found  the  same  élément  in  the  testicular  cells  of  Pentatomay  but  evi- 
dently  did  not  fuUy  understand  its  true  character,  as  he  called  it  the 
**  chromatin  nuclQolus." 

In  1898  McClung^^  first  correctly  interpreted  the  character  of  this 
élément.  He  described  it  as  a  metamorphosed  chromosome,  and  to  it 
applied  the  name  "accessory  chromosome." 

In  a  paper  which  appeared  the  latter  part  of  the  same  year,  Paul- 
mier^*  recognized  its  chromosomal  nature  and  designated  it  the  "small 
chromosome."  This  name  appears  to  hâve  been  unfortunately  chosen, 
as  in  many  animais  this  élément  is  the  largest  and  most  conspicuous 
chromosome  in  the  cells.  In  his  material,  Anasa  trisiis,  the  accessory 
chromosome  takes  on  the  shape  of  a  completely  formed  tetrad  without 
passing  through  any  of  the  preceding  stages.  In  the  first  spermato- 
cyte  division  it  is  divided  along  with  the  other  chromosomes,  but  in 
the  second,  after  remaining  in  the  equatorial  plate  for  some  time,  goes 
to  one  pôle  undivided. 
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McClung,^  in  a  later  paper,  describes  the  accesBory  chromosome  as 
occurring  in  ffippiscus.  In  the  spireme  stage  it  is  to  be  seen  as  a 
large,  densely  staining  homogeneous  body,  in  close  contact  with  the 
nuclear  membrane.  In  a  late^  stage  it  leaves  its  peripheral  position 
and  takes  on  the  appearance  of  a  longitudinally  split  rod.  It  is  di- 
vided  by  the  first  maturation  mitosis,  but  in  the  second  passes  over 
bodily  into  one  of  the  daughter  cells.  In  Scolopendra,  as  far  as  I 
hâve  observed,  the  accessory  chromosome  shows  no  sign  of  division  in 
the  prophase  and  goes  to  the  equatorial  plate  as  a  spherical  body. 

Sutton,^^  in  his  article  on  ^'The  Spermatogonial  Divisions  in 
Brachystola  magna^^  describes  the  behavior  of  this  élément  in  the 
spermatogonia.  He  throws  much  stress  on  the  individuality  of  this 
élément,  for,  as  he  conclusively  shows,  ''It  maintains  throughout  the 
spermatogonial  divisions,  as  well  as  those  which  follow,  an  indubitable 
independence,  being  enclosed  at  ail  stages,  except  those  of  actual  di- 
vision, in  its  own  individual  membrane."  As  I  hâve  shown,  quite  a 
différent  condition  exists  in  the  pseudo-germinal-vesicle  stage  of 
Scolopendra,  for  at  this  stage  ail  the  chromatin  of  the  cell  is  con- 
densed  into  one  deeply  staining,  homogeneous  mass. 

Montgomery,"  in  his  article  on  PeripatuSy  fails  to  find  an  accessory 
chromosome,  but  describes  a  body  which  behaves  very  much  like  this 
élément.  He  gives  at  length  his  reasons  for  not  considering  it  the 
"chromatin  nucleus."  However,  I  believe  he  is  mistaken,  and  that 
the  élément  described  is,  in  truth,  the  accessory  chromosome. 

In  comparing  the  accessory  chromosome  found  in  Scolopendra 
with  that  described  by  thèse  investigators,  several  points  of  différence 
are  observed  as  well  as  many  points  of  similarity.  Its  origin,  staining 
reaction  and  its  behavior  in  the  early  spermatocytes  are  very  similar 
to  that  in  insects,  but  in  its  behavior  in  the  pseudo-germinal-vesicle 
stage,  and  in  the  succeeding  stages,  it  is  quite  différent.  As  I  hâve 
shown,  it  seems  to  act  as  a  réservoir  in  which  is  deposited  practically 
ail  of  the  chromatin  of  the  nucleus.  At  this  stage  it  is  enormous  as 
compared  with  its  former  size.  In  the  later  prophase,  part  of  the  chro- 
matin  forming  this  mass  leaves  the  accessory  chromosome  and  col- 
lecta in  diffuse  granular  masses,  which  eventually  form  the  tetrads  as 
described.  At  this  time  the  accessory  chromosome  loses  its  regu- 
lar  outline  and  becomes  granular  toward  the  outside.  When  the 
tetrads  are  formed,  however,  it  again  assumes  its  homogeneous  char- 
acter  and  regular  outline,  but  has  decreased  in  size  until  it  is  no  larger 
than  the  ordinary  chromosome  in  the  metaphase.  It  can  be  readily 
distinguished  from  the  other  chromosomes  up  to  the  time  of  the  dis- 
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intégration  of  the  nuclear  membrane.  It  goes  to  tbe  equator  without 
previouB  aign  of  division. 

Tetrad  Formation.  The  typîcal  process  of  tetrad  formation  in 
inôects,  as  described  by  Paulmier*^  in  Anasa  and  McClung^  in  Hip- 
ptsctis,  is  as  follows:  The  spireme  splits  lengthwise  and  segments 
into  a  number  of  rods  equal  to  the  maturation  number  of  chromo- 
somes. Thèse  double  rods  shorten,  become  more  finely  granular,  and 
split  again  transversely.  At  this  time  the  typical  form  is  represented 
by  the  cross-like  figures  shown  in  the  plates  (  figs.  5,  6,  7  ),  although 
there  are  many  modifications.  Thèse  cruciform  masses  condense,  be- 
come homogeneous,  and  stain  more  transparently. 

I  hâve  already  described  the  process  of  tetrad  formation  in  Scolo- 
pendra.  In  the  formation  of  the  tetrads  from  the  diffuse,  flaky  mass 
of  chromatin  arising  in  the  pseudo-germinal- vesicle  stage  there  seems 
to  be  no  definite  splitting  of  the  segment,  but  the  chromatin  seems 
to  coUect  more  densely  at  certain  areas,  and  thus  to  form  the  tetrad 
figures. 

As  regards  the  séquence  of  the  longitudinal  and  cross  divisions  of 
the  chromosomes,  there  seems  to  be  muoh  différence  in  the  results  of 
varions  investigators  on  arthropods.  Several  observers,  among  whom 
are  Vom  Rath,^  Paulmier,^^  and  Montgomery,^  describe  the  transverse 
division  as  occurrihg  first.  Hftcker^  and  McClung,^  however,  find 
that  the  first  is  the  équation  and  the  second  the  réduction  division. 
McClung  lays  especial  stress  upon  the  importance  of  the  later  pro- 
phase of  the  spermatocyte  in  determining  the  séquence  of  the  foUow- 
ing  divisions.  His  point  seems  to  be  very  well  taken,  and,  as  in 
Scolopefidra,  as  well  as  in  Ilippiscus,  the  longitudinal  cleavage  is 
the  first  one  made  manifest  in  the  prophase.  I  believe  that  the  first 
mitosis  results  in  the  longitudinal  division  of  the  tetrads. 

The  Budding  of  the  Nucleus.  In  the  maie  germ-cell,  nothing 
has  been  described,  I  believe,  which  corresponds  to  that  peculiar 
structure  which  I  hâve  called  the  itomere.  In  the  egg-cells  of  varions 
animais,  however,  a  structure,  similar  in  origin  and,  in  some  respects, 
in  function,  has  been  reported  by  several  investigators.  This  is  the 
yolk  nucleus,  as  described  by  Blochmann,  Scharff,  Balbiani,  and 
others.'^  In  the  material  upon  which  thèse  investigators  worked,  the 
yolk  nucleus  is  derived  from  the  chromatin  reticulum  of  the  nucleus 
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by  the  process  of  budding.  A  protubérance  appears  upon  the  nocleus, 
la  oonstricted  off,  and,  paasing  oui  into  the  cytoplasm,  serves  as  a 
center  around  which  the  food  substance  of  the  cell  is  formed. 

Thus,  altbough  the  origin  is  similar  in  some  respects  to  that  I  bave 
described  for  the  itomere  in  the  spermatids  of  Scolopendra,  its  later 
behavior  is  very  différent.  The  itomere  migrâtes  through  the  cyto- 
plasm,  and  is  cast  out  through  the  cell-wall.  The  movement  of  this 
structure  through  the  cytoplasm  is  accompanied  by  the  formation  of 
yolk  material  and  the  rapid  growth  of  the  cell,  but  its  most  important 
f  unction  is  quite  différent.  In  its  migration  toward  the  cell-wall  it 
seems  to  organize  the  cytoplasm  and  to  mark  out  the  cx>urse  of  the 
future  axial  filament. 

The  Origin  of  the  Axial  Filament  Regarding  the  origin  of 
the  axial  filament  there  seems  to  be  much  unanimity  of  opinion 
among  the  more  récent  investigators.  In  1895  Moore**  found  that, 
in  elasmobranchs,  the-  axial  filament  is  formed  by  the  elongation  of 
the  centrosome.  Quite  similar  results  were  obtained  by  other  inves- 
tigators on  the  elasmobranchs,  and  in  mammals  and  amphibians  a 
like  origin  is  ascribed  to  this  élément. 

As  regards  its  formation  in  arthropods,Paulmjer^,  in  Anasa^  speaks 
of  the  axial  filament  as  an  outgrowth  of  the  centrosome.  Whëther 
by  this  he  means  that,  beginning  with  the  centrosome  at  the  base  of 
the  nucleus,  the  cytoplasmic  reticulum  is  progressively  condensed,  or 
whether  he  believes  it  to  be  formed  by  a  mère  elongation  of  the  centro- 
some, as  in  elasmobranchs,  I  cannot  détermine. 

In  either  case  its  origin  does  not  correspond  to  that  in  Scolopendra. 
In  this  material  it  certainly  is  not  an  elongation  of  the  centrosome, 
and,  just  as  surely,  is  not  a  progressive  condensation  of  the  cytoplas- 
mic reticulum,  for  at  ail  stages  ail  parts  of  the  axial  filament  stain 
exactly  alike.  In  my  observations  I  hâve  attempted  to  explain  the 
true  origin  of  this  structure,  and  it  will  not  be  necessary  to  repeat  it 
hère. 

V. —  SUMMARY. 

1.  The  spermatocytes,  as  they  arise  from  the  diffuse  stage  succeed- 
ing  the  telophase  of  the  last  spermatogonial  division,  are  small  cells 
with  very  little  cytoplasm,  the  nucleus  fiUing  nearly  the  en  tire  cell 
body.  The  chromatin,  with  the  exception  of  the  accessory  chromo- 
some, becomes  arranged  in  a  spireme,  and  the  proportional  amount  of 
cytoplasm  is  much  increased. 

2.  The  spireme  breaks  down,  and  a  fine,  weakly  staining  reticulum 
is  formed.  This  becomes  finer  and  less  prominent  until  it  is  no  stronger 
than  the  cytoplasmic  reticulum.     Meanwhile  the  accessory  chromo- 
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8ome  has  increased  enormously  in  size,  muoh  out  of  proportion  to  the 
rest  of  the  nucleus. 

3.  Ât  this  stage  the  appearance  of  the  nuoleus  corresponds  very 
closely  to  that  of  the  germinal  vesicle  in  the  egg-cell,  The  oytoplasm 
has  greatly  increased,  and  large  masses  of  yolk  substance  hâve  ap- 
peared,  surrounding  the  nacleus.  On  account  of  thèse  characteristics 
this  stage  has  been  called  the  pseado-germinaUvesicle  stage. 

4.  The  chromatin  appears  after  the  pseudo-germinal-vesicle  stage 
in  the  form  of  diflFuse  masses  of  chromatin,  which  quickly  take  on  the 
cruciform  shape  characteristic  of  the  typical  insect  tetrad. 

5.  At  the  time  of  the  formation  of  the  tetrads,  the  aocessory  chro- 
mosome  has  decreased  much  in  size  and  its  outline  has  become  irregu- 
lar.  Later  it  again  becomes  spherical,  and  at  this  period  is  of  about 
the  size  of  a  chromosome  in  the  metaphase. 

6.  Soon  after  the  formation  of  the  tetrads,  the  centrosome  appears 
in  the  mass  of  deutoplasm  as  a  dumb-bell-shaped  body.  It  moves  to- 
ward  the  nucleus,  séparâtes,  astral  rays  are  developed,  and  the  centro- 
somes  move  apart  upon  the  membrane.  When  they  hâve  reached 
points  about  100  degrees  apart  the  nuclear  membrane  disintegrates, 
and  the  chromosomes  are  drawn  into  the  equatorial  plate.  That  part 
of  the  membrane  over  which  the  centrosomes  hâve  not  passed  disap- 
pears  first,  the  rest  persisting  for  some  time. 

7.  The  accessory  chromosome,  freed  of  its  surplus  chromatin,  can 
be  distinguished  up  to  the  disappearance  of  the  nuclear  membrane, 
when  it  is  drawn  into  the  plate  with  the  other  chromosomes.  It  has 
previously  sliown  no  sign  of  division. 

8.  The  short  spindle  thus  formed  lengthens,  and  the  chromosomes 
are  drawn  more  into  the  equatorial  plate.  Astral  rays  may  be  dis- 
tinctly  seen  Connecting  the  centrosomes  and  the  cell  membrane.. 
The  centrosomes  move  apart  again  to  a  point  a  short  distance  from 
the  cell-wall.  The  mantle  fibers  no  longer  converge  toward  the  cen- 
trosomes, but  toward  the  point  (the  apical  point)  occupied  by  them 
before  their  last  migration.  Between  the  apical  points  and  the  centro- 
somes the  mantle  fibers  are  drawn  out  into  parallel  threads.  At  this 
time  the  centrosomes  hâve  changed  their  form  to  that  of  a  cône,  with 
their  apices  directed  toward  the  point  of  the  spindle. 

9.  By  the  contraction  of  the  astral  rays  the  centrosomes  are  drawn 
to  the  cell-wall,  where  they  are  flattened  out  into  hemispherical  bodies. 
Synchronously  the  mantle  fibers  contract,  the  chromosomes  are  sep- 
arated,  and  the  two  daughter  groupa  are  drawn  toward  the  pôles  and 
take  up  their  final  positions  at  the  apical  point. 

10.  The  second  spermatocytes  can  be  distinguished  from  the  first 
only  by  the  shape  and  size  of  the  chromosomes. 

11.  Soon  after  the  formation  of  the  membrane,  after  the  last  ma- 
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turation  Sivision,  a  portion  of  the  nucleus  buds  off,  and,   passing 
through  the  cytoplasm,  is  extruded  from  the  oeil.    This  is  the  itomere. 

12.  The  protrusion  and  caeting  ont  of  the  itomere  is  accompanied 
and  succeeded  by  the  formation  of  yolk  masses  and  by  a  great  increase 
in  the  size  of  the  cell. 

13.  The  pathway  left  by  the  itomere,  on  its  passage  through  the 
cytoplasm,  persists  and  becomes  stronger  as  the  celi  advances  in  de- 
velopment.    It  marks  out  the  course  later  taken  by  the  axial  filament. 

14.  The  axial  filament  is  not  formed  by  an  elongation  or  outgrowth 
of  the  centrosome,  but  by  the  condensation  of  the  cytoplasmic  re- 
ticulum,  along  the  Une  marked  out  by  the  itomere  in  its  passage  to 
the  cell  wall. 

Laboratokt  of  Zooloot  and  Histoloot, 
Univbbsitt  of  KaN8A8. 
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NoTB.— Ail  drawings  were  made  by  the  author,  with  the  aid  of  a  oamera  1^®^ 
A  Bausch  &  Lomb  one-twelfth-inoh  objective  and  one-ioch  evepieoe  were  uaed.  i 

Leoffth  of  tube,  166mm.;  caméra  lucida  arm.,  06  mm.;  magnifioatioD,  about  1000 
diametera.    Drawings  not  reduced  in  reproduction.  I 

Fio.  1.    Early  spermatocyte,  showing  small  dze  of  cell  and  relatively  iaige  size         | 
of  nudeus. 

Fio.  2.  Later  stage.  The  chromatin  in  the  spireme  condition.  The  cell  has 
grown  Bomewhat  and  the  amount  of  cytoplasm  especially  has  increased.  The 
dark  body  at  one  side  of  the  nuclear  cavity  is  the  acoessory  chromosome. 

FiG.  3.  Ck>n8iderably  later  stage.  Cell  has  increased  in  size.  The  spireme  îb 
broken  down  and  stains  diffusely.  The  accessory  chromosome  has  increased 
much  in  size.    Yolk  masses  in  a  halo  around  the  nucleus. 

FiG.  4.  The  pseudo-germinal-vesicle  stage.  The  chromatin,  with  exception 
of  acoessory  chromosome,  arranged  in  a  diffuse  reticulum.  The  acoessory 
chromosome  is  at  its  maximum  size  and  centaine  practiCfiUy  aH  the  chromatin 
of  the  nucleus. 

FiG.  5.  The  chromatin  is  reappearing  in  the  form  of  tetrads.  s^®  acoessory 
chromosome  has  decreased  muoh  in  size.    Yolk  mass  at  one  sid(9  ^^  nucleus. 

FiG.  6.  Later  stage  in  tetrad  formation,  showing  several  modificati^  ^^  ^^ 
typical  form. 

FiG.  7.  Later  prophase.  Tetrads  shorter  and  more  massed.  Accessory  ^'^^^ 
mosome  plainly  distinguishable.  Centrosome  firet  seen  at  this  stage  i  ^ 
dumb-bell-shaped  figure  in  the  mass  of  dentoplasm. 

FiG.  8.    The  centrosome  has  moyed  toward   the  nucleus.    Astral  rays  hâve 
formed. 

FiG.  9.  The  centrosomes  hâve  reached  the  membrane  and,  having  separated, 
hâve  begun  their  migration  apart. 

FiG.  10.    Centrosomes  still  f  urther  apart. 

FiG.  11.  Late  prophase.  The  membrane  has  partly  disappeared  and  the  mantle 
fibers  are  seen  Connecting  the  centrosomes  and  chromosomes. 

FiG.  12.    Stage  somewhat  earlier  than  fig.  11. 

FiG.  13.  Later  stage,  showing  the  short  spindle.  Chromosomes  are  arranged  io 
the  equator.    Astral  rays  are  seen  extending  to  the  cell  membrane. 

FiG.  14.    The  spindle  has  elongated  and  the  chromosomes  show  signs  of  division. 

Fig.  16.    Slightly  later  stage. 


Kan.  Univ.  Quar.,  Vol.  X,  Séries  A. 


PLATE  V. 


PLATE  VI. 

Fio.  16.  Later  metaphase,  showiDg  peouliar  oharacter  of  spindle,  with  the  man- 
tle  fibers  convergiog  at  the  apical  point,  Centrosomee  are  ooDical  in  shape. 
Astral  raye  oonnect  centrosome  and  œil  membrane. 

FiQ.  17.  Early  telophase  of  first  spermatocyte  division,  showing  the  position  of 
the  daughter  groupe  of  chromosomes.  The  centrosomes  are  hemispherieal 
in  shape  and  are  flattened  against  the  cell  membrane. 

Fio.  18.  Later  telophase,  showing  division  membrane.  The  section  is  eut  in  such 
a  plane  that  the  persisting  spindle  remains  do  not  show. 

FiG.  19.    Polar  view  of  telophase  of  first  spermatocyte. 

FiG.  20.  Telophase  showing  persisting  spindle  remains.  Midbody  in  the  form  of 
a  ring. 

FiG.  21.    Metaphase  of  second  spermatocyte  division. 

Fio.  22.  Telophase  of  second  spermatocyte.  The  cell-wall  shows  signs  of  oon- 
striction. 

Fio.  23.  Later  telophase.  The  chromosomes  are  distribu ted  throughout  the 
nuclear  vesicle.  Spindle  remains  persist.  Centrosomes  still  on  the  cell  mem- 
brane. 

Fio.  24.    Early  spermatid. 

Fio.  25.  Later  stage,  showing  the  protubérance  upon  odc  side  of  the  nucleus 
preparatory  to  the  constriction  of  the  itomere, 

Fio.  26.    Later  stage  in  the  protrusion  of  the  itomere. 

FiG.  27.  Still  later  stage,  with  the  itomere  in  the  cytoplasm  midway  between  the 
nucleus  and  the  cell-wall. 

Fio.  28.    Cell,  showing  the  itomere  extending  from  the  nucleus  to  the  cell-wall. 

Fio,  29.  Stage  showing  the  itomere  near  the  cell-wall.  The  pathway  left  by  it. 
in  its  passage  through  the  cytoplasm  is  plainly  visible. 

FiG.  30.  Later  stage,  showing  the  itomere  extruded  from  the  cell.  Its  course 
through  the  cytoplasm  is  still  to  be  seen.  The  nucleus  is  still  open  at  the- 
place  of  constriction.  The  centrosome  is  seen  upon  one  side  of  the  opening.. 
The  cell  has  increased  much  in  size. 
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FiG.  31.  Considersbly  later  stage.  The  itomere  has  disappeared.  The  œil  haa 
grown  much  in  size.  The  path  left  by  the  itomere  is  more  marked  than  be- 
fore. 

FiG.  32.  About  the  aame  stage,  showing  a  oross-section  of  the  forming  axial  fila- 
ment, with  the  fibers  of  the  oytoplasmic  reticulum  radiating  from  it. 

Fio.  33.  Later  stage.  The  axial  filament  more  nearly  formed.  The  centroaoma 
has  moved  nearer  its  base. 

FiG.  34.  Later  stage  in  the  formation  of  the  axial  filament.  The  oeil  has  begun 
to  elongate.  The  cytoplasm  is  broken  up  into  elongated  vaoaolee  extending 
parallel  to  the  axial  filament. 

FiG.  35.  Much  later  stage.  The  cell  body  has  elongated  a  great  deal.  The 
membrane  of  the  posterior  part  of  the  cell  has  disappeared.  On  the  side  of 
the  nucleus  opposite  the  insertion  of  the  axial  filament  there  is  a  large  trans- . 
parent  aorosome.    At  this  stage  the  nucleus  has  reached  its  greatest  size. 

FiG.  36.  About  the  same  stage  of  a  smaller  cell.  Acrosome  not  shown  in  the 
section. 

FiG.  37.  The  nucleus  has  become  condensed  and  elongated.  The  acrosome 
stains  more  densely.  The  cytoplasm  contains  strands  of  linin  extending 
parallel  to  the  axial  filament. 

FiG.  38.  The  nucleus  has  become  still  further  condensed  and  has  elongated  oon- 
siderably.    Acrosome  stains  darker. 

FiG.  39.  The  nucleus  is  still  more  condensed  and  takes  a  black  stain.  Acrosome 
also  stains  more  strongly. 
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ACTION  OF  LIQUID  AMMONIA  ON  AOID  OHLOBIDS 
AND  ESTEES. 

BY  EDWARD  BARTOW   AND   DAVID  F.  MCFARLAND. 

The  product  of  the  action  of  ammonia  gas  or  an  ammonium  com- 
pound  on  an  ester  of  an  organic  acid,  or  on  an  acid  chlorid,  is  gener- 
ally  an  acid  amid.  This  fact  is  so  well  recognized  that  it  is  given  as  a 
gênerai  method  for  the  préparation  of  acid  amids.  It  is  stated  thus  in 
Beilstein's  Handbuch  der  Organischen  Chemie,  volume  I,  page  1232  : 
"Die  Amide  entstehen  bei  der  Einwirkung  von  Ammoniak  auf  die 
zusammengesetzten  Aether  organischer  Sauren.  Es  ist  angezeigt, 
bei  môglichst  niederer  Temperatur  zu  arbeiten  und  freie  AIkoboIe 
fem  zu  halten  (  Bonz,  Ph.  Ch.  2,  900).  In  der  Kalte  verlftuft  die  re- 
action sehr  langsam,  rascher  beim  Erhitzen  unter  Druck.  .  .  . 
Leichter  erhalt  man  die  Amide  beim  Bebandeln  der  Anhydride  mit 
Ammoniak,  am  bequemsten  aber  aus  den  Chloriden  und  concentrir- 
tem,  wAsserigem  Ammoniak  (oder  trokenem  Ammoniumcarbonat)." 

It  seems  that  the  ammonia  used  for  thèse  amid  synthèses  has  al- 
ways  been  in  the  form  of  a  gas,  or  combined  in  an  ammonium  com- 
pound,  and  that  no  one  has  published  results  of  experiments.in  which 
liquid  anhydrous  ammonia  was  used  as  the  source  of  the  ammonia. 
The  commercial  use  of  liquid  ammonia  in  the  manufacture  of  ice  has 
so  cheapened  it  that  it  is  now  an  adjunct  to  every  well-equipped 
chemical  laboratory,  and  it  affords  a  convenient  source  of  ammonia 
for  many  experiments.  Its  comparative  purity  and  freedom  from 
moisture  recommend  it  for  some  synthèses,  and  it  was  particularly  on 
account  of  thèse  qualities  that  it  seemed  possible  to  use  it  for  the  syn- 
thèses of  acid  amids. 

A  séries  of  experiments  was  undertaken,  therefore,  to  ascertain, 
first,  whether  acid  amids  could  be  obtained  by  the  action  of  liquid 
ammonia  on  acid  chlorids  ;  second,  whether  they  could  be  obtained 
from  esters;  third,  the  conditions  goveming  such  reactions;  and 
fourth,  when  amids  are  not  formed,  to  ascertain  what  products  are 
formed. 
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The  ammonia  ased  in  the  foUowing  experiments  was  the  commer- 
cial product.  It  was  drawn  directiy  from  the  cylinder  into  Dewar 
tubes,  or  more  commonly  into  flasks,  insalated  by  placing  them  in 
beakers  and  fiUing  the  space  between  the  neck  of  the  flask  and  the 
sides  of  the  beaker  with  cotton.  This  seemed  qaite  effective  in  pre- 
venting  too  rapid  evaporation  of  the  ammonia. 

ACTION  DP   LIQUID   AMMONIA  ON   ACID  CHLORIDS. 

The  chlorids  first  ased  were  those  of  mono-,  di-  and  trichloracetic 
acids.  Our  experiments  were  carried  on  as  foUows  :  The  chlorid  was 
dropped  slowly  from  a  dropping  f unnel  into  a  small  insulated  flask 
containing  liquid  ammonia.  This  produced  a  violent  reaction,  due 
not  only  to  reactive  tendencies  of  the  two  substances,  but  aiso  to 
the  great  différence  in  their  températures.  The  chlorid  at  the  tem- 
pérature of  the  room  was  fuUy  60^  warmer  than  the  boiling  ammonia  ; 
consequently,  dropping  the  warm  chlorid  into  the  cold  ammonia 
caused  the  latter  to  boil  violently.  So  violent  was  the  reaction  that 
dense  white  fumes,  probably  composed  of  a  mixture  of  the  amid  and 
ammonium  chlorid,  were  given  off.  This  loss  was  overcome,  to  a  large 
degree,  by  cooling  the  chlorid  to  the  température  of  boiling  ammonia, 
by  immersing  the  vessel  containing  it  in  a  bath  of  ammonia,  and  then 
dropping  ammonia  into  the  cooled  chlorid.  Wheh  the  first  reaction 
was  over  the  mixture  was  treated  with  an  excess  of  ammonia,  which 
was  then  allowed  to  evaporate.  The  amids  were  then  obtained  pure 
by  extracting  the  white  residuè  with  chloroform. 

By  this  method  the  amids  of  the  three  chloracetio  acids  were  ob- 
tained.    They  were  identified  by  their  characteristic  melting-points, 
and  this  identification  was  supplemented  in  two  of  the  compounds  by 
chlorine  déterminations  according  to  the  method  of  Carius. 
I.   0.1721  g.  substance  gave  0.3882  g.  AgCl. 

Calculated  for  dichloracetamid,     .     .     Pound. 

CHCI2CONH2 
Cl      66.41% 55.76% 

II.  0.0731  g.  substance  gave  0.1952  g.  AgCl. 

Calculated  for  trichloracetamid,     .     .    Found. 

CCUCONH2 
Cl      65.49% 66.02% 

This  method,  which  has  proved  so  successful  in  preparing  chlor- 
acetamids,  did  not,  however,  succeed  with  acetamid  itself.  A  similar 
treatment  of  acetyl  chlorid  with  liquid  ammonia  gave  a  mixture  which 
possessed  the  unmistakable  odor  of  acetamid;  but,  thus  far,  our  at- 
tempts  to  obtain  crystaU  of  acetamid  hâve  been  unsuccessful. 

With  bromacetyl  chlorid  a  white  mass  was  obtained,  which  did  not 
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melt  at  200"^,  but  whicb  turned  red  when  heated  or  allowed  to  stand 
for  Bome  days.  No  amid  was  isolated.  The  only  other  chlorids  tried 
in  this  way  were  benzoyl  chlorid  and  sulfuryl  ohlorid.  From  thèse 
benzamid  and  sulfamid  were  obtained. 

The  chief  drawback  in  the  above  method  is  the  difficulty  of  freeing 
the  amid  from  the  ammonium  chlorid  which  is  formed  at  the  same 
time.  Up  to  this  time  we  hâve  been  prevented  from  further  expéri- 
menta with  chlorids  by  our  lack  of  pure  spécimens.  When  such 
spécimens  are  secured,  the  experiments  will  be  continued. 

ACTION  OF  LIQUID   AMMONIA  ON  ESTERS. 

Since  the  action  of  aqueous  and  alcoholic  ammonia  on  esters  of  or- 
ganic  acids  will  cause  the  formation  of  amids,  sometimes  even  in  the 
oold,  a  séries  of  experiments  with  liquid  ammonia  and  the  esters 
promised  good  results.    The  expected  reaction  is  as  follows  : 

RCOOC2H5  +  NH3=RCONH2  +  CîHôOH 
for  the  ethyl  esters,  and,  more  gênerai, 

RCOOR'+  NH3==RCONH2-|-  R'OH. 

Authorities  differ  as  to  the  efFect  of  alcohol  on  amid  synthesis. 
One  (Bonz,  Ph.  Ch.  2,  900)  says  free  alcohol  must  not  be  présent. 
Another  uses  alcohblic  ammonia  in  the  synthesis.  It  would  seem  to 
us  that  no  gênerai  statement  should  be  made,  since,  in  some  of  our 
experiments,  we  easily  obtained  well-crystallized  products,  while  in 
others  no  crystals  were  obtained;  possibly  because  of  the  alcohol 
formed  by  the  reaction. 

The  method  of  procédure  was  similar  to  that  used  with  chlorids. 
The  ester  was  dropped  into  the  liquid  ammonia  contained  in  a  small 
crystallizing  dish  insulated  by  cotton.  A  large  excess  of  ammonia 
was  used — from  six  to  ten  times  the  bulk  of  the  esters.  The  dish  was 
covered  with  a  ground-glass  plate  and  allowed  to  stand  until  the  am- 
monia was  ail  evaporated.  When  a  crystalline  residue  was  obtained, 
it  was  dried  on  a  porous  plate  and  a  melting-point  détermination 
made.  The  reaction  between  the  esters  and  the  ammonia  is  not  vio- 
lent, as  when  chlorids  are  used,  so  that  when  crystals  can  be  ob- 
tained the  method  is  much  better  than  the  chlorid  method. 

Forty-two  esters  hâve  been  treated  in  this  way.  From  nine  of 
them,  crystallized  compounds  were  obtained  which  had  melting-. 
points  corresponding  to  the  melting-points  given  for  the  respective 
amids  in  the  literature  on  the  subject.  Two  gave  compounds  with 
higher  melting-points,  and  seven  gave  products,  with  high  melting- 
points,  that  were  probably  décomposition  products.  The  remainder 
were  apparently  not  acted  upon. 

The  first  esters  tried  were  those  of  the  chloracetic  acids.    Thèse 
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gave  such  good  résulte  that,  by  analogy,  it  might  hâve  been  ezpected 
tbat  the  metbod  woiild  be  gênerai  in  its  application.  The  yield  of 
amid  in  each  case  was  quantitative  ;  and  they  were,  moreover,  pure 
and  well  crystallized,  yet,  with  the  exception  of  cyanacetio  ethyl  ester, 
no  others  bave  given  as  good  results. 

The  reaction,  too,  was  much  less  violent  than  the  one  accompany- 
ing  the  formation  of  the  amids  from  the  chlorids.  The  esters  and  the 
ammonia  mix  with  little  rise  in  the  température  of  the  ammonia. 

Cyanacetio  ethyl  ester  gave  a  well-crystallized  body  which  melted 
at  118°,  agreeing  with  the  melting-point  of  the  substance  given  by 
Henry  (Bl.  48,  656),  but  differing  from  that  assigned  by  HofiP  105^ 
(J.  1864,  561). 

The  ethyl  esters  of  the  fatty  acids  were  tried,  as  foUows  :  Formict 
acetic,  propionic,  butyric,  valeric,  caprylic,  and  pelargonic.  None  of 
thèse  yielded  amids  except  pelargonic  acid  ethyl  ester,  which  gave 
crystals  mixed  largely  with  the  unchanged  ester.  When  thèse  crys- 
tals  were  freed  from  the  ester,  they  gave  a  raelting-point  of  99°,  agrée- 
ing  with  that  given  by  Hofmann  (B.  15,  984). 

From  the  results  above  described,  it  seemed  probable  that  the  sub- 
stitution of  one  or  more  hydrogen  atoms  in  the  alkyl  radical  of  the  acid 
by  the  halogen  had  some  influence  upon  the  readiness  with  which  an 
amid  could  be  formed.  To  test  this  hypothesis,  the  action  of  am- 
monia on  the  esters  of  a  number  of  substituted  fatty  acids  was  inves- 
tigated,  with  the  resuit  that  we  hâve  thus  far  obtained  amids  from 
only  two  of  them,  dibromacetic  ethyl  ester  and  chlorpropionic  ethyl 
ester.  Substances  were  obtained  from  thèse  whose  melting-points 
correspond  to  those  recorded  in  chemical  literature.  From  some 
of  the  others  crystalline  products  were  obtained,  but  the  melting-points 
varied  from  those  recorded  for  the  expected  amids.  For  instance, 
from  the  bromacetic  ethyl  ester  a  mass  of  white  cubical  crystals  was 
formed,  which  did  not  melt  below  200°,  which  sublimed  at  high  tem- 
pératures, and  which  tumed  red  on  being  heated  or  af  ter  standing  a 
a  few  days.  This  substance  seems  to  be  a  mixture  of  ammonium  bro- 
mid  and  some  other  compound,  which  we  hâve  not  yet  separated 
and  identified,  but  which  is  possibly  glycinamid  or  amidoacetamid. 
From  tribromacetic  acid  ethyl  ester  white  crystals  were  obtained 
which  melted  at  45°  instead  of  120^  the  température  at  which  tribro- 
macetamid  should  melt  (Brezina,  J.  1881,  673).  The  composition  of 
this  substance  bas  not  yet  been  determined.  Bromin  substitution 
products  of  esters  of  some  of  the  higher  fatty  acids  give  solid  resi- 
dues  resembling  that  obtained  from  bromacetic  acid  ester  and  proba- 
bly  consisting  of  ammonium  bromid  and  décomposition  products. 

Tbe  only   chlorin  substitution   product   besides  the  chloracetic 
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ethyl  esters  whiob  was  available  was  chlorpropionic  ethyl  ester. 
Thas  far  the  only  product  obtained  from  tbis  ester  bas  sbown  a  melt- 
iDg-point  of  72°,  wbich  is  lower  tban  tbat  assignée!  to  chlorpropion- 
amid,  (80°),  by  Beckurts-Otto  (B.  9, 1592). 

From  tbe  foregoing,  it  appears  tbat  tbe  présence  of  cblorin  or 
cyanogen  in  tbe  alkyl  radical  aids  in  tbe  formation  of  amids,  wbile 
tbe  weaker  balogen  bromin  generally  causes  tbe  compound  to  break 
up  witb  tbe  formation  of  ammonium  bromid  and  décomposition  prod- 
nets.  We  bave  tried,  also,  tbe  action  of  a  few  esters  in  wbiob  tbe 
bydrogen  of  tbe  alkyl  is  substituted  by  an  organio  radical.  Tbese 
radicals  do  not  seem  to  aid  in  amid  formation.  From  pbenylacetic 
etbyl  ester  we  bave  obtained  no  results.  From  benzoylacetic  etbyl 
ester  a  small  amount  of  a  substance  was  obtained,  wbicb  melted  at 
167°.  Tbis  substance  is  apparently  not  identical  witb  tbe  benzoyl- 
acetamid  of  Obriga  (A.  266,  232),  wbicb  melted  at  113°. 

Acetacetic  acid  etbyl  ester  gave  a  wbite  crystalline  substance, 
wbicb,  as  tbe  température  rose  to  tbat  of  tbe  room,  quickly  liquified, 
formîng  a  yellow  oil.  Tbis  is  undoubtedly  tbe  same  substance  men- 
tioned  by  CoUie  (A.  226,  298),  wbo  says  tbat  at  0°  acetacetic  acid  etbyl 
ester  absorbs  dry  ammonia  gas  directly,  forming  an  unstable  addition 
product,  CbHioOsNHb,  wbicb  quickly  goes  over  into  amidocrotonic 
acid  etbyl  ester,  CeHuNOî. 

From  tbe  esters  of  dibasic  acids,  tbere  were  available  tbose  of  ox- 
alic,  malonic,  succinic  and  tartaric  acids.  Two  of  tbese  only,  oxalic 
and  tartaric,  gave  amids  by  tbe  above  metbod.  Tbe  oxamid  formed 
very  readily  as  a  wbite,  crystalline  powder.  It  did  not  melt  wben 
beated  to  200°,  but  sublimed  at  bigber  températures.  From  tartaric 
acid  ethyl  ester,  after  two  treatments  witb  ammonia,  a  small  quantity 
of  a  substance,  melting  at  166°,  was  obtained.  We  can  find  no  au- 
tbority  for  a  melting-point  of  tartramid. 

Tbe  action  of  ammonia  on  tbe  etbyl  esters  of  lactic,  lœvulinic  and 
citric  acids  was  also  investigated.  None  of  tbese  seemed.  to  be 
cbanged  by  tbe  treatment,  except  tbat  tbe  citric  acid  ester  became 
sligbtly  blackened. 

Four  esters  of  aromatîc  acids  were  tried,  etbyl  benzoate,  metbyl 
benzoate,  etbyl  pbtbalate,  and  etbyl  salicylate.  Of  tbese  tbe  pbtbalic 
ester  gave  a  wbite  crystalline  compound,  wbicb  melted  at  175°.  Tbe 
melting-point  of  pbtbalamid,  according  to  Bulow  (A.  236, 188),  is  219°. 

Four  otber  esters  bave  been  treated  in  tbis  manner.  Two  of  tbem, 
ortboformic  acid  ethyl  ester  and  ethyl  carbonate,  showed  no  change, 
but  witb  etbyl  cblorcarbonate  a  vigorous  reaction  took  place  ;  dense 
wbite  fumes  were  formed,  and  a  considérable  quantity  of  an  amor- 
pbous  wbite  substance  was  left  in  the  vessel.    This  did  not  melt 
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when  heated  to  200°  but  was  partiy  soluble.  We  hâve  not  yet  deter- 
mined  wbether  tbe  Bubstanoe  is  ammonium  cblorid  or  wbether  some 
of  the  possible  substances  bave  been  formed. 

ACTION  OF  ESTERS  AT  HIGHER  TEMPERATURES. 

Our  failure  to  obtain  some  amids  by  the  above  method  might  be 
due  to  the  low  température  at  which  the  reaction  must  take  place, 
when  the  ammonia  is  boiling  under  ordinary  pressure.  Therefore,  we 
attempted  to  get  a  more  rapid  and  more  complète  reaction  by  heating 
the  mixture  of  the  ester  and  anhydrous  ammonia.  The  esters  were 
each  sealed,  with  about  four  times  their  bulk  of  liquid  ammonia,  in 
strong  glass  tubes.  In  one  séries  of  experiments  thèse  were  allowed 
to  warm  to  the  température  of  the  room,  and  in  a  second  séries  tbey 
were  heated  to  60°  or  70°.  The  tubes  were  kept  sealed  for  at  least 
twelve  hours.  They  were  then  cooled  with  boiling  ammonia,  opened, 
the  ammonia  evaporated  oflF,  and  the  residue  examined. 

Eight  esters,  selected  as  being  types  of  varions  acids,  were  treated 
in  this  way.  Of  thèse,  acetic  acid  ethyl  ester  gave  no  definite  résulte. 
Acetacetic  acid  ethyl  ester  formed  a  mass  of  crystals  which  remained 
for  some  time  after  the  ammonia  was  evaporated,  but  which  soon  liq- 
uified  on  exposure  to  the  air,  forming  an  oily  yellow  liquid.  We  hâve 
not  yet  obtained  a  satisfactory  melting-point  for  thèse  crystals.  Some 
of  the  crystals  were  at  once  sealed  in  a  glass  tube,  and  hâve  been 
preserved  in  this  way  for  more  than  a  year. 

Malonic  acid  ethyl  ester  formed  white  crystals  of  malonamid,  iden- 
tified  as  such  by  the  melting-point,  170°  (HoflF,  J.  1875,  528). 

Pelargonic  acid  ethyl  ester  formed  a  soapy  mass  when  treated  in 
this  way.  From  this  mass,  crystals  of  pelargonic  amid  were  obtained. 
The  resuit  agrées  with  that  from  ammonia  at  its  boiling-point  under 
ordinary  pressure. 

Succinic  ethyl  ester,  benzoic  ethyl  ester,  benzoylacetic  ethyl  ester 
and  ethyl  carbonate  gave  no  results. 

In  the  second  séries  of  experiments,  in  which  the  tube  containing 
the  ester  and  ammonia  was  heated  to  60°  or  70°  in  a  water-bath,  six 
esters  were  used.  Acetic  ester  gave  a  product  which  had  the  charac- 
teristic  odor  of  impure  acetamid,  but  we  hâve  not  yet  succeeded  in 
isolating  the  pure  substance.  Tartaric  ^oid  ester  formed  the  same 
white  orystalline  substance  that  was  formed  in  the  cold. 

From  benzoic  ethyl  ester,  succinic  ethyl  ester,  valerio  ethyl  ester 
and  benzoylacetic  ethyl  ester  no  results  were  obtained. 

With  only  one  of  the  esters  tried — malonic  acid  ethyl  ester — hâve 
we  had  better  results  at  higher  températures  than  with  the  mixture  of 
ester  and  ammonia  at  the  boiling-point  of  the  liquid  ammonia. 
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CX)NCLUSION. 

The  few  acid  chlorids  tried,  except  bromacetylchlorid,  gave  amids. 
In  our  expérimenta  with  chlorids  and  liquid  ammonia,  we  hâve  pre- 
pared  the  amids  of  the  three  ohloracetic  acids  and  benzamid.  Mr. 
O.  F.  Stafford  has  prepared  sulfamid. 

A  few  esters,  especially  the  ohloracetic  ethyl  esters,  gave  better  ré- 
sulte in  forming  amids,  and  the  opération  was  more  easily  carried  ont 
than  with  the  oorresponding  chlorids.  We  hâve,  by  the  addition  of 
esters  to  liquid  ammonia,  prepared  the  amids  of  the  three  ohloracetic 
actds,  of  dibromacetic  acid,  cyanacetic  acid,  chlorpropionic  acid, 
pelargonic  acid,  oxalic  acid,  and  tartaric  acid.  Malonic  acid  amid  was 
formed  only  at  a  higher  température. 

A  few  esters  gave  substances  whose  melting-points  varied  from 
those  of  expeoted  amids  found  recorded  in  chemical  literature. 

Many  of  the  esters  tried  hâve  given  no  well-crystallized  amids  un- 
der  the  conditions  which  prevailed  in  thèse  experiments.  The  causes 
for  this  may  be  conjectured  :  First,  the  low  température  of  the  réac- 
tion, as  shown  in  the  case  of  malonamid,  which  was  not  formed  at  the 
température  of  boiling  ammonia,  but  which  form  in  a  sealed  tube  at 
the  température  of  the  room  ;  second,  the  short  time  for  the  reaction 
allowed  by  the  evaporation  of  ammonia  from  open  vessels  ;  third,  the 
reaction  of  ammonia  on  esters  is  réversible,  and  is  even  prevented  by 
excess  of  aloohol  (Bonz,  Ph.  Ch.  8,  900). 

We  hope  to  carry  our  experiments  farther,  to  identify  the  rest  of 
the  substances  obtained,  and  to  study  the  action  of  liquid  ammonia 
on  the  esters  at  higher  températures  and  in  the  présence  of  diluting 
média,  such  as  ether  and  benzène. 


A  NEW  THEOBT  OF  OOLLINEATIONS  IN  SPAOE,  II. 

BT  H.   B.   NEWSON., 

NoTS.— In  this  joamal.  Séries  A,  Vol.  YI,  pp.  88-69,  and  Vol.  IX,  pp.  65-71,  the  writer  has 
ennmerated,  discnssed  and  eonstmoted  the  thirteen  types  of  oollineations  in  space;  also  in 
▼olnme  X,  No.  2,  the  properties  of  the  fondamental  ffronp,  GsCABCD)  of  type  I  were  dis- 
cnssed.  In  the  présent  paper  the  same  thing  is  done  for  types  II,  III,  and  IV.  In  future  papers 
the  remaining  types  of  coUineations  in  spaoe  will  be  treated  in  the  same  manner.  This  séries 
of  papers  will  then  be  eztended  to  indnde  the  synthetic  détermination  and  discussion  of  ail 
real  continuons  groups  of  coUineations  in  spaoe  and  their  classification  aocording  to  the  thir- 
teen types. 

A  knowledge  of  the  corresponding  theory  in  one  and  two  dimensions  is  assumed  on  the  part 
of  the  reader.  A  memoir  on  "A  New  Theory  of  CoUineations  in  the  Plane,"  thongh  written 
«arlier  than  the  papers  of  this  séries,  wiU  appear  some  months  hence  in  the  American  Journal 
of  Afathematicê,    The  memoir  treata  of  ail  real  and  imaginary  oollineations  in  the  plane. 

The  projeeted  papers,  of  which  the  présent  is  the  second,  are  designed  to  develop  completely 
my  theory  of  real  coUineations  in  space.  The  extension  of  the  theory  to  inclnde  aU  real  and 
imaginary  coUineations  is  so  easy  Uiat  it  will  readily  be  made  by  most  readers.  The  papers 
wiU  be  published  in  this  journal  as  rapidly  as  possible.— h.  b.  n. 


A.— On  the  Group  of  CoUineations  G^ABCI)  of  Type  II 
and  its  Subgroups. 

The  real  coUineations  in  space  of  type  II  show  two  subtypes,  viz., 
hyberbolic  and  elliptio.  In  the  first  subtype  the  invariant  figure  is 
real  in  ail  of  its  parts  ;  in  the  second  subtype  the  points  B  and  C  are 
conjugate  imaginary,  and  hence  the  Unes  AB  and  AC  and  the  planes 
ABl  and  ACl  are  also  conjugate  imaginary.  Thèse  two  cases  must  be 
treated  separately. 

§1.  The  Group  hGsCABCl)  and  its  Onb-parameter  Subgroups. 

The  group  hGz{ABCl), — A  colUneation  T  of  type  II  is  com- 
pletely determined  by  the  position  of  its  invariant  figure  (ABCl) 
and  three  parameters  k,  k'  and  t.  k  is  the  constant  cross-ratio  along 
AB,  k'  that  along  AC,  and  t  is  the  parabolic  constant  of  the  trans- 
formation along  AC.  In  the  hyperbolic  case  thèse  three  parameters 
are  aU  real  and  independent  of  one  another,  and  hence  there  are  cc^ 
colUneations,  leaving  the  figure  h  (ABCl)  invariant;  they  form  a 
three-parameter  group  hOi^ABCl). 

Theorem  1.  The  aggregate  of  ail  coUineations  of  type  II  having 
the  same  invariant  figure  h(ABCl)  forms  a  three-parameter  group 
hG8(ABCl). 

One-parameter  suhgroupa  ofhGz{ABCl), — The  group  hGs  (  ABCl  ) 
contains  oo^  one-parameter  subgroups,  as  we  shall  now  show.     Let  us 
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put  k'^k^"*",  and  k==a';  i.  e.,  k=a*  and  k'=a^^"'^S  where  a  and  r  are 
two  real  constants.  We  consider  now  the  System  of  collineatîons  ia 
b68(ÂBCl)  wbose  parameters  satisfy  thèse  relations. 

Let  T  and  Ti  be  two  coUineations  wbose  parameters  are  a*,  a^^"'^*,  t, 
and  a^,  a^^"'^*!,  ti,  respectively.  Tbeir  résultant,  T2,  bas  tbe  parameters 
a*2,  a<^"')'2,  t2  wbere  t2^t-!-  ti.  Since  tbere  is  only  one  variable  para- 
meter,  t,  tbis  System  contains  oc^  coUineations;  tbese  form  a  one- 
parameter  group,  since  tbe  résultant  of  any  two  coUineations  of  tbe 
System  is  again  a  collineation  of  tbe  System.  Sucb  a  one-parameter 
group  is  designated  by  bGi(ABCl)ar. 

Tbere  is  a  one-parameter  group  witbin  bGsCABCl)  for  eacb  real 

value  pf  r  and  eacb  positive  value  of  a;  bence  bGsCABCl)  contains 

o:?  one-parameter  subgroups.    Tbe  properties  of  one  of  tbese  sub- 

groups  are  tbe  same  as  tbe  properties  of  a  one-dimensional  parabolic 

group. 

Theorem  2.  Tbe  group  bGaCABCl)  contains  oc^  one-parameter 
subgroups  ;  for  eacb  of  tbese  subgroups  a  and  r  bave  fixed  values,  and 
t  is  tbe  variable  parameter. 

Invariant  curves  and  surfaces  of  hG%{ABCl)tir. — Tbe  one-para- 
meter group  bGi(ABCl)  leaves  invariant,  besides  tbe  fundamental 
figure  b(ABCl)  a  System  of  oc^  patb  curves  and  certain  système  of 
surfaces  passing  tbrougb  tbese  patb  curves.  We  find  tbe  équations 
of  tbese  invariant  surfaces  as  follows  : 

Let  (ABCD),  wbere  D  is  some  point  on  1,  be  tbe  tetrabedron  of 
référence,  and  let  T  be  a  collineation  of  tbe  group  bGi(ABCl) 
wbicb  transforms  a  point  P  wbose  coordinates  are  (  x,  y,  z,  w  )  to  Pi 
wbose  coordinates  are  (xi,  yi,  zi,  wi).  Pass  planes  tbrougb  PAC  and 
Pi AC.  Writing  ont  tbe  cross-ratio  of  tbe  four  planes  tbrougb  AC  we 
bave 

Î7:7=«*.  (1) 

since  tbis  cross-ratio  is  the  same  as  tbat  along  tbe  Une  AB.  In  like 
manner  we  dérive  the  équations 

-|i:|  =  a<'-)S  (2) 

^:!;=a-",  (3) 

7f-f  =  t.  (4) 

Suppose  tbat  P  is  a  movable  point  and  Pi  fixed,  so  tbat  any  func- 
tion  of  tbe  coordinates  of  Pi  only  is  a  constant.  Eliminating  t  from 
(1)  and  (4)  we  get 

w 

za^=Cx,  I 

wbicb  is  tbe  équation  of  a  family  of  invariant  cônes  witb  vertices  at 
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O.    In  like  rnanner  eliminating  t  from  (2)  and  (4),  (1)  and  (2),  and 
<3)  and  (4)  we  haye,  respectively, 

(i-r)w 

za      «=Cy,  ^  II 

x'^ly=Cz^  III 

rw 

ya^=Cx.  IV 

Equations  I,  II,  III  give  familles  of  Invariant  cônes  whose  vertices 
are  respectively  at  C,  B,  and  A.  Equation  IV  represents  an  invariant 
family  of  ruled  surfaces  not  conical. 

We  hâve  thus  found  four  familles  of  ruled  surfaces  which  are  in- 
variant under  ail  the  collineations  of  the  group  hGi(ABCl).  The 
path  curves  of  the  group  are  the  od^  common  intersections  of  thèse 
familles  of  surfaces. 

Theorem  3.  There  are  four  distinct  familles  of  ruled  surfaces 
invariant  under  ail  the  collineations  of  the  group  hGi(ABCl);  three 
of  thèse  are  familles  of  cônes.  The  co^  curves  of  intersection  of  thèse 
invariant  surfaces  are  the  path  curves  of  the  group. 

§2.     TWO-PARAMETER   SUBGROUPS  OF   hGsCABCl). 

TwO'parameter  groupe  leavin^  invariant  a  family  of  surfaces. — 
If  r  remains  constant  while  a  assumes  in  tum  ail  real  values  between 
0  and  OD,  and  we  hâve  o:?  one-parameter  groups,  ail  of  whose  trans- 
formations leave  invariant  the  family  of  cônes  given  by  équation  III, 
for  the  équation  of  this  family  of  cônes  is  independent  of  a.  The  path 
curves  of  the  oo^  one-parameter  groups  ail  lie  on  thèse  cônes.  This 
System  of  oc^  collineations  forms  a  two-parameter  group  hG2(ABCl)r; 
the  parameters  of  this  group  are  a  and  t.  The  group  hGsCABCl) 
contains  oo^  two-parameter  subgroups,  one  for  each  real  value  of  r. 

In  like  manner  if  a  is  constant  and  r  varies,  we  get  a  two-parameter 
group,  leaving  invariant  the  family  of  cônes  given  by  équation  I. 
Again,  if  a  and  r  vary  in  such  a  manner  that  a^^"*"^  is  a  constant,  we 
get  a  two-parameter  group  leaving  invariant  the  family  of  cônes  given 
by  équation  II.  Finally,  if  a  and  r  vary  so  that  a'  is  constant,  we 
hâve  a  two-parameter  group  whose  invariant  family  of  surfaces  is 
given  by  équation  IV. 

Thus  we  see  that  the  group  hG8(ABCl)  contains  four  singly 
infinité  Systems  of  two-parameter  subgroups  ;  three  of  thèse  Systems 
leave  invariant  familles  of  cônes,  and  one  System  leaves  invariant  a 
family  of  ruled  surfaces. 

Theorem  4.  The  three-parameter  group  hGsCABCl)  contains  four 
singly  infinité  Systems  of  two-parameter  subgroups;  thèse  are  given 
by  r=oonst.;  a=con6t.;  a^^'^^oonst.,  and  a^=con6t. 
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§3.    SOME  PrOPERTIES  OP  THE  SUBOROUPS  OP  hGaCABCl). 

Négative  values  ofk  and  k\ — The  three  parameters  of  hG8(ABCl), 
viz.,  k,  k',  t,  are  ail  real  and  eaoh  may  assume  in  tum  ail  real 
values,  both  positive  and  négative.  Let  t,  k  and  k'  be  taken  to  be 
the  reotangular  ooordinates,  x,  y,  z,  respectively,  of  a  point  in  a  space 
S.  Evidently  there  is  a  ooUineation  in  hGa(ABCl)  corresponding  to 
each  point  in  S.  The  one-  and  two-parameter  groupe  in  hGaC  ABCl) 
are  represented  by  curves  and  surfaces  in  S.  The  System  of  curvea 
given  by  the  équations 

y=a*  and  z=a(^~'^*,  V 

in  which  a  and  r  are  parameters,  represents  the  System  of  one-para- 
meter  subgroups  of  hG8(ABCl). 

In  order  that  the  curves  given  by  équations  V  shall  be  continuons 
curves  the  value  of  a  must  be  positive.  The  curve  lies  always  on  the 
positive  side  of  the  plane  y=0  and  on  the  positive  side  of  z=0; 
hence  it  is  confined  to  the  first  and  second  octants.  The  curves  of  the 
family  y=a*  and  z=a(^"^J*  contain  every  point  in  the  first  and  second 
octants  but  no  points  in  the  other  six  octants.  Consequently  the 
group  hGsCABCl)  contains  transformations  which  are  not  in- 
cluded  in  any  of  its  subgroups.  In  fact,  only  one-third  of  ail  the 
transformations  in  hGsCABCl)  are  to  be  found  in  its  subgroups;  the 
transformations  for  which  k  and  k'  are  négative  cannot  be  generated 
from  infinitésimal  collineations  in  group  hGsCABCl). 

The  curves  ail  pass  through  the  point  (0, 1,  1).  This  point  cor- 
responds  to  the  identical  transformation  which  belongs  therefore  to 
every  one-parameter  subgroup  of  hGsCABCl).  Every  curve  of  the 
System  is  asymptotic  to  the  axis  of  x,  to  the  right  or  to  the  lef t  according 
as  we  hâve  a<l  or  a>l. 

Theorem  5.  Qnly  one-third  of  the  collineations  in  the  group 
hGaCABCl)  belong  to  its  one-parameter  subgroups  and  are  generated 
from  infinitestimal  collineations  in  hG^CABCl). 

§4.  SoMB  Spécial  Subgroups  dp  hGsCABCl). 

Two-parameter  subgroups  of  types  VIII,  IX,  and  XI — The  para- 
meters k,  k'  and  t  in  hGsCABCl)  may  hâve  such  values  that  the 
transformation  along  one  or  more  of  the  invariant  lines  of  the  figure 
(  ABCl)  is  identical,  so  that  every  point  on  such  a  Une  is  an  invariant 
point.    In  such  cases  the  collineations  are  of  another  type  than  II. 

If  t=0  and  k  and  k'  vary  independently,  the  one-dimensional 
transformation  along  Al  is  identical,  and  we  hâve  a  two-parameter 
subgroup  of  type  VIII  in  hGsCABCl).  If  k'=k,  the  one-dimensional 
transformation  along  BC  is  identical,  and  there  résulta  a  two-para- 
meter subgroup  of  type  IX  in  hG8(ABCl).     If  k=l  or  k'=l,  the 
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one-dimensional  transformations  along  AB  and  AC,  respeotively,  are 
identical,  and  there  results  in  eaoh  case  a  two-parameter  subgroup  of 
type  XI  in  hG8(ABCl). 

In  terms  of  the  parameters  a,  r  and  t  tbe  subgroup  of  type  VIII 
résulta  when  a=  od  ;  the  subgroup  of  type  IX  results  when  r=0  ;  the 
two  subgroups  of  type  IX  resuit  when  r=l  and  oo  respectively. 

Theorbm  6.  The  group  hGsCABCl)  contains  one  two-parameter 
subgroup  of  type  VIII,  one  of  type  IX,  and  two  of  type  XI. 

Subgroups  of  types  F/,  VII  and  X  in  h  0%{ABCI), — If  t=0  and 
k=l,  the  transformation  in  the  plane  ABl  is  identical  and  leaves  in- 
variant ail  points  in  the  plane.  The  corresponding  coUineations  in 
space  are  of  type  VI,'  C  being  the  vertex  and  ABl  the  axial  plane. 
The  remaining  parameter  k'  gives  us  a  one-parameter  subgroup  of 
type  VI  in  hG8(ABCl).  In  like  manner,  if  t=0  and  k'=l,  we  hâve 
a  one-parameter  subgroup  of  type  VI  whose  vertex  is  B  and  whose 
axial  plane  is  ACl. 

If  k=l  and  k'=l,  the  coUineation  in  the  plane  ABC  is  identical, 
the  parameter  t  gives  us  a  one-parameter  subgroup  of  type  VII  in 
hGjCABCl);  A  being  the  vertex  and  ABC  the  axial  plane. 

If  t^^O  and  k'=k,  the  one-dimensional  transformations  along  AC 
and  BC  are  both  identical  ;  there  results  a  one-parameter  subgroup  of 
type  X  in  hGsCABCl). 

In  terms  of  a,  r  and  t  the  subgroup  of  type  VII  is  given  by  a=l  ; 
the  two  subgroups  of  type  VI  are  given  by  t=^0  and  r=l,  t=^0  and 
r^  OD,  respectively  ;  the  subgroup  of  type  X  is  given  by  t=0  and  r=0. 

Theorem  7.  The  group  hGa(ABCl)  contains  one  one-parameter 
subgroup  of  type  VII,  two  of  type  VI,  and  one  of  type  X. 

Other  spécial  suhgroxips  of  hG^{ABCl). — There  are  only  three 
other  spécial  subgroups  of  hGsCABCl)  to  be  noticed;  thèse  are 
when  the  path  curves  in  the  plane  ABC  are  conics.  Thèse  path 
curves  are  conics  for  three  values  of  r,  viz'.,  r= — 1,  2,  1/2.  When 
r=2  the  conics  hâve  double  contact  at  B  and  C;  when  r==:  —  1  or  1/2 
the  conics  hâve  double  contact  at  A  and  C,  A  and  B,  respectively. 
Thèse  are  two-parameter  subgroups  of  hG8(ABCl). 

§5.  The  Elliptic  Case  eGsCABCl). 

Parameters  of  eG^{  A  B  Cl), — In  the  elliptic  subtype  of  type  II, 
where  the  points  B  and  C  are  conjugate  imaginary,  thë  theory  is 
somewhat  différent  from  that  of  the  hyperbolic  subtype.  In  the 
plane  ABC  the  two-dimensional  coUineations  of  the  elliptic  sub- 
type and  the  parameters  are  given  in  the  form  k=^  exp.(c4-i)^;  thus 
c  and  S  are  the  parameters.     The  three  parameters  of  eGs  are  there- 
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fore  c,  0,  and  t.  It  is  oonvenient  to  replace  B  by  nt  and  thns  bave 
c,  n,  t  as  tbe  tbree  parameters. 

Let  T  and  Ti  be  any  two  coUineations  of  tbe  group  eGs(ABCl) 
for  wbicb  tbe  parameters  are  c,  n,  t  and  ci,  ni,  ti,  respectively.  Let 
tbe  values  of  tbe  parameters  of  tbe  résultant  be  C2,  n2,  t2.  We  bave, 
tberefore,  t2=t  +  ti,  n2t2=nt  +  niti,  and  C2n2t2=ont  +  ciiiiti. 

One-  and  two-parameter  suhgroups  of  eOi{ABCl). — If  c  and  n 
remain  constant  and  only  t  varies,  we  get  a  one-parameter  subgroup 
of  eGs.  If  c  is  fixed  and  n  and  t  vary,  or  n  fixed  and  c  and  t  vary,  tbere 
resuit  two-parameter  subgroups.  Tbus  we  bave  two  distinct  singly 
infinité  Systems  of  two-parameter  subgroups  and  oc'^  one-parameter 
subgroup  of  eGsCABCl).  Tbe  patb  curves  *of  tbe  one-parameter 
subgroup  are,  except  in  very  spécial  cases,  transcendental  curves  ;  in 
tbese  spécial  cases  tbe  subgroups  are  of  otber  types  tban  type  II. 

Spécial  suigroups  of  eGz{ABCl), — If  t=0  and  c  and  B  vary,  tbe 
transformation  along  tbe  Une  Al  is  identical  and  tbere  remains  a  two- 
parameter  elliptic  subgroup  of  type  VIII.  Wben  c=od,  n=--0, 
en  db  0,  tbe  transformation  along  BC  is  identical,  and  tbere  results  a 
two-parameter  subgroup  of  type  IX.  Wben  c=od,  n^=0,  and  en— 0, 
tbe  transformation  in  tbe  plane  ABC  is  identical,  and  tbere  results  a 
one-parameter  subgroup  of  type  VII.  Wben  t=0,  c=^od,  n=0,  and 
cn=0,  i,  e.,  wben  tbe  conditions  for  a  two-parameter  group  of  type 
VIII  and  type  IX  are  simultaneously  fulfiUed,  tbe  transformations 
along  botb  Al  and  BC  are  identical,  and  tbere  results  a  one-parameter 
subgroup  of  type  X.  The  elliptic  group  eGsCABCl)  bas  no  real 
subgroups  of  types  VI  or  XI. 

Theorem  8.  Tbe  group  eQsCABCl)  contains  one  two-parameter 
group  of  type  VIII  and  one  of  type  IX  ;  also  one  one-parameter  sub- 
group of  type  VII  and  one  of  type  X. 

The  group  eGsCABCl)  contains  one  otber  two-parameter  subgroup 
worthy  of  spécial  notice.^  Wben  c=0  tbe  patb  curves  of  tbe  one- 
parameter  group  of  coUineations  in  tbe  plane  ABC  are  conics  baving 
double  contact  at  B  and  C.  Tbis  group  dérives  its  importance  from 
tbe  fact  tbat,  in  case  tbe  plane  ABC  is  at  infinity  and  tbe  points  B 
and  C  are  tbe  circular  points  in  tbe  plane,  it  becomes  tbe  group  of  ail 
screw  motions  about  tbe  Une  1  as  an  axis. 
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B.—On  the  Group  of  Col/ineations  Gif  A  BU')  of  Type  III  and  itiSub- 

groupa. 

^1.  Thb  Group  GsCABll')  and  its  One-parameter  Subgroup. 

The  group  Gz{ABlV), — A  real  coUineation  in  space  of  type  III 
leaves  invariant  a  figure  (ABU')  real  in  ail  of  its  parts,  consisting  of 
two  points  A  and  B  and  their  join  ;  two  Unes  1  and  \\  the  fii^t 
througb  A  and  the  second  through  B  ;  and  hence  also  the  two  planes 
ABl  and  ABl'.  The  one-dimensional  transformations  along  1  and  Y 
are  both  parabolic;  that  along  AB  hyperbolic.  The  plane  coUinea- 
tîons  in  the  invariant  planes  ABl  and  ABl'  are  both  of  type  II. 

A  coUineation  T  of  type  III  is  completely  determined  by  the  posi- 
tion of  its  invariant  figure  (ABU')  and  three  parameters  k,  t,  t';  k  is 
the  constant  cross-ratio  along  AB,  t  is  the  parabolic  parameter  along 
Al,  and  f  that  along  Bl'.  Thèse  three  parameters  are  ail  real  and 
vary  independently  ;  hence  there  are  oc^  coUineations  of  type  III, 
leaving  the  fundamental  figure  (ABU')  invariant;  thèse  form  a 
three-parameter  groùp  G8(ABU'). 

Thborem  9.  The  aggregate  of  aU  coUineations  of  type  III  in  space 
having  the  same  invariant  figure  (ABl'l)  forma  a  three-parameter 
group  G»(ABU'). 

One-parameier  auhgrovps  of  6»(ABll'), — It  will  now  be  shown 
that  the  group  G8(ABir)  contains  cx^  one-parameter  subgroups. 
Let  k=a^  and  t'=nt,  where  a  and  n  are  constants;  a  is  necessarily 
positive.  By  imposing  thèse  conditions  on  the  parameters  k  and  t', 
we  sélect  from  G8(ABir)  a  System  of  od^  coUineations.  The  proper- 
ties  of  this  System  are  now  to  be  examined. 

Let  T  and  Ti  be  two  coUineations  whose  parameters  are  respectively 
a^  nt,  t,  and  a*i,  nti,  ti.  Their  résultant,  T3,  has  the  parameters  aS,  nsts, 
U.  For  along  Al  we  hâve  t2=t  +  tr,  along  Bl'  we  hâve  n2t2=nt  +  niti  ; 
along  AB  we  hâve  k2=kki=a*.  a*i=^a*+S.  Hence  the  System  of  00^ 
colUneations,  whose  parameters  are  a*,  nt,  t,  forms  a  one-parameter 
continuons  group  whose  parameter  is  t.    This  group  is  designated  by 

Gi(ABli')an. 

There  is  a  one  parameter  subgroup  within  G8(ABir)  for  each 
value  of  n  and  each  positive  value  of  a;  hence  G8(ABir)  contains 
00'  one-parameter  subgroups.  The  properties  of  one  of  thèse  sub- 
groups are  the  same  as  the  properties  of  a  one-dimensional  parabolic 
group. 

Theorem  10.  The  group  Ga(ABir)  contains  00*  one-parameter 
subgroups  ;  for  each  of  thèse  subgroups  a  aud  n  hâve  fixed  values  and 
t  is  the  variable  parameter. 

7-K.U.Qr.    A-x3 
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Invariant  curves  and  surfaces  of  Oi{ABlV), — We  shall  now  dé- 
termine the  Systems  of  invariant  surfaces  of  the  one-parameter  group 
Gi(ABll'),  wbose  intersections  are  the  œ^  path  curves  of  the  group. 
Let  (ABCD),  where  C  is  some  point  on  Y  and  D  some  point  on  1,  be 
the  tetrahedron  of  référence  ;  and  let  T  be  a  coUineation  of  the  group 
Gi(ABir)  which  transforms  a  point  P,  whose  coordinates  are  (x,  y, 
z,  w)  to  Pi  whose  coordinates  are  (  xi,  yi,  zi,  wi).  Pass  planes  through 
PAl,  PiAl,  PAl',  PiAl',  PAB,  and  PiAB.  We  obtain  at  once  the 
f  ollowing  équations  : 

=  nt.  (1) 

(2) 

(3) 

By  eliminating  t  from  thèse  équations  of  transforn^aHon  we  obtain 
the  following  équations  of  invariant  surfaces  of  Qi(ABir): 

w 

y  =  Ca%  I 

y  =  Ca"'z,  II 

(x — cy)z=nwy.  III 

Equations  I  and  II  represent  familles  of  transcendental  ruled 
surfaces  while  équation  III  always  represents  a  family  of  quadric 
surfaces.  The  intersections  of  thèse  three  Systems  of  surfaces  are  the 
path  curves  of  the  group  Gi(ABir). 

Theorem  11.  There  are  three  distinct  familles  of  ruled  surfaces 
invariant  Under  ail  the  collineations  of  the  group  Gi(ABir);  two  of 
thèse  familles  are  transcendental  surfaces  and  one  is  a  family  of 
quadrics.     Thèse  surfaces  intersect  in  the  path  curves  of  the  group. 

§2.    TWO-PARAMETER   SUBGROUPS  OF   G8(ABir). 

Subgroups  with  transcendental  invariant  surfaces. — Let  a,  n  and 
t  be  the  three  parameters  of  G» (ABU').  If  a  remains  constant 
while  n  and  t  vary,  we  hâve  a  one-parameter  subgroup  ail  of  whose 
transformations  leave  invariant  the  family  of  transcendental  surfaces 
given  by  équation  I.  Thèse  form  a  two-parameter  group,  and  there 
is  one  such  group  for  each  positive  value  of  a. 

If  a  and  n  vary  in  such  a  manner  that  a''  remains  constant  and  t 
varies  independently,  we  get  a  twoparameter  subgroup  of  G8(  ABU'), 
leaving  invariant  the  family  of  surfaces  given  by  équation  II.  There 
is  one  such  subgroup  for  each  value  of  the  constant  a**. 

Subgroups  with  invariant  quadric  surfaces. —  If  n  remains  con- 
stant and  k  and  t  vary  independently,  we  hâve  a  twoparameter  sub- 
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group,  leaving  invariant  the  family  of  quadrio  surfaces  given  by 
équation  III.    There  is  one  snob  subgroup  for  each  value  of  n. 

Tbe  Unes  1  and  V  are  two  generators  of  tbe  same  System  and  AB  a 
generator  of  the  otber  System  on  every  invariant  quadric.  Thèse  in- 
variant quadrics  always  bave  both  Systems  of  generators  real. 

Theorem  12.  The  three-parameter  group  GsCABU')  contains 
three  singly  infinité  Systems  of  two-parameter  subgroups.  Thèse  are 
given  by  a=const.;  a°  =  const.;  and  n=Gonst.  Every  collineation  of 
type  III  leaves  invariant  a  family  of  quadric  surfaces. 

§3.  SOME  PrOPERTIES  dp  THE  SuBGROUP  OF  GsCABll'). 

Graphie  représentation  of  subgroups  of  Oz{ABlV). — The  three 
parameters  t,  t',  k  of  GsCABU')  are  ail  real  and  may  be  taken  as  the 
coordinates  x,  y,  z,  respectively,  of  a  point  in  a  space  S.  There  is  a 
collineation  of  the  group  for  each  real  point  in  S.  The  one-  and  two- 
parameter  subgroups  of  G8(ABir)  are  represented  by  curves  and 
surfaces  respectively  in  S. 

The  surfaces  given  by  the  équations 

z=a*  and  y  =  nx 

represent  the  two-parameter  subgroups,  and  their  curves  of  intersection 
represent  graphically  the  one-parameter  subgroups  of  G8(ABir.). 

Thèse  curves  representing  the  one-parameter  subgroups  lie  entirely 
m  the  space  above  the  plane  z=0.  No  collineation  in  GsCABU') 
with  négative  value  of  k  belongs  to  one  of  its  one-parameter  sub- 
groups. Consequently  one-half  of  the  collineations  of  the  group  can- 
not  be  generated  from  infinitésimal  collineations  of  the  group. 

The  point  (0,  0,  1)  is  on  every  curve  of  the  System  representing 
the  .subgroups  ;  hence  the  identical  collineation  is  comraon  to  every 
one-parameter  subgroup  of  G8(ABir).  Other  properties  of  thèse 
groups  are  easily  deduced  from  the  properties  of  this  family  of  curves. 

Theorem  13.  Only  one-half  of  the  collineations  in  G3(ABir)be- 
long  to  its  one-parameter  subgroups  and  can  be  generated  from  the 
infinitésimal  collineations  in  GH(ABir). 

§4.   SoME  Spécial  Subgroups  of  G3(ABir). 

Two-parameter  subgroups  of  types  IX  and  XI L — The  invariant 
figure  of  a  collineation  of  type  III  has  three  invariant  Unes,  Al,  Bl', 
and  AB.  If  t  or  t'  is  zéro,  the  one-dimensional  transformation  along 
Al  or  Bl',  respectively,  is  identical,  and  the  resulting  collineation  is 
of  type  IX.  If  k  and  one  of  the  t's  vary  while  the  other  t  is  zéro,  we 
bave  a  two-parameter  subgroup  of  GaCABll').  Thus  G«(AB11')  con- 
tains two  two-parameter  subgroups  of  type  IX. 

If  k  =  l,  the  one-dimensional  transformation  along  AB  is  identical 
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and  ail  points  on  the  line  are  invariant;  thus  a  transformation  of  this 
kind  is  of  type  XII.  If  t  and  t' vary  while  k=l,  we  hâve  oo^  collinea- 
tion  of  type  XII,  ail  having  the  same  invariant  figure  and  forming  a 
two-parameter  subgroup  of  GaCABll'). 

Theorem  14.  The  group  GsCABll')  contains  two  two-parameter 
subgroups  of  type  IX  and  one  of  type  XII. 

One-parameter  subgroups  of  types  VII  and  X, — If  t=0  and  k=l, 
the  coUineations  in  the  plane  ABl  are  identical,  and  the  resnlting 
coUineations  in  space  are  of  type  VU  and  form  a  one-parameter  sub^ 
group.  In  like  manner,  if  t'==0  and  k=l,  we  hâve  another  one-para- 
meter subgroup  of  type  VII,  ABl'  being  the  axial  plane  and  B  the 
vertex  of  its  invariant  figure.  Thus  GaCABU')  contains  two  sub- 
groups of  type  VII. 

If  t=0  and  t'=0  while  k  varies,  the  resulting  oo*  coUineations  are 
of  type  X  and  form  a  one-parameter  subgroup  of  this  type.  Al  and 
Br  are  the  two  axes  of  the  skew  perspective  collineation  and  k  is  the 
parameter. 

Theorem  15.  The  group  Gs(ABll')  contains  two  one-parameter 
subgroups  of  type  VII  and  one  of  type  X. 


O.—On  the  Group  of  CoUineations  6i(ABip)of  Type  11^  and  ita 

Subgroups. 

§1.  The  Group  G4(ABlp)  and  its  Subgroups. 

TAe  group  Ga{ABIp). — A  real  coUineation  in  space  of  type  IV 
leaves  invariant  a  figure  (ABlp)  real  in  ail  of  its  parts,  consisting  of 
two  planes  p  and  p'  intersecting  in  a  line  1,  two  points  A  and  B  and 
their  join  ï  in  the  plane  p,  A  being  on  1.  The  one-dimensiônal 
transformations  along  1  and  V  are  parabolic  and  hyperbolic,  re- 
spectively.  The  two-dimensional  transformations  in  the  planes  p  and 
p'  are  of  types  III  and  II,  respectively. 

A  collineation  T  of  type  IV  is  completely  determined  by  its  in- 
variant figure  (ABlp)  and  four  parameters  k,  t,  n,  h  ;  k  is  the  constant 
cross-ratio  along  AB,  and  t,  n,  h  are  the  three  parameters  of  group  of 
plane  coUineations  of  type  III  in  the  plane  p.  Thèse  four  parameters 
are  ail  real  and  may  vary  simultaneously,  thus  giving  œ^  coUineations, 
ail  having  the  same  invariant  figure.  Thèse  form  a  four-parameter 
group  G4(ABlp). 

Theorem  16.  The  aggregate  of  ail  coUineations  of  type  IV  having 
the  same  invariant  figure  (ABlp)  forma  a  four-parameter  group 
G4(ABlp). 

One-parameter  subgroups  of  Oi{ABlp). — The  group  contains 
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oo?  one-xMirametèr  sabgroaps.  To  show  this,  let  k=a*  and  let  a,  n  and 
h  be  constants.  There  are  od^  colUneations  in  the  group  G4(ABlp) 
which  satisfy  thèse  conditions.  In  the  plane  p  the  plane  colUnea- 
tions form  a  one-parameter  gronp  of  type  III,  and  in  the  plane  ABl 
they  form  a  one-parameter  group  of  type  II.  t  is  the  single  inde- 
pendent  variable  parameter.  Thèse  œ*  coUineations  in  space  evidently 
form  a  one-parameter  group.  There  are  oc*  such  groups  in  G4(  ABlp), 
one  for  each  positive  value  of  a  and  each  real  value  of  n  and 
h.  Such  a  one-parameter  group  is  designated  by  Gi(ABlp)anh. 
The  properties  of  the  group  Gi(ABlp)anh  are  those  of  a  one-para- 
meter parabolic  group  in  one  dimension. 

Theorbm  17.  The  group  G4(ABlp)  contains  oc*  one-parameter 
subgroups  Gi(ABlp)anh;  for  each  subgroup  a,  n  and  h  are  con- 
stants and  t  is  the  variable  parameter. 

Invariant  curves  and  surfaces  of  Oi(ABlp)anh, — The  Systems 
of  invariant  surfaces  whose  intersections  are  the  path  curves  of  the 
group  Gi(ABlp)anh  are  determined  as  foUows:  Let  (ABCD),  where 
C  is  on  1  and  D  in  the  plane  p,  be  the  tetrahedron  of  référence, 
and  let  T  be  a  coUineation  of  the  group  Gi(ABlp)  which  transforms 
the  point  P=  (  x,  y,  z,  w)  to  Pi=(  xi,  yi,  zi,  wi).  From  the  properties 
of  the  invariant  figure  we  easily  obtain  the  following  équations  of 
transformation  : 

7:=7=«'.  (1) 

t-7==t.  (2) 

ïr=^T  +  °t7  +  ft'+ht.  (3) 

By  eliminating  t  from  thèse  équations  taken  two  and  two  we  ob- 
tain the  following  : 

i_ 
X  =  Ca'  z,  I 


nj^^z 


^lo»  a  z     '     2  log»  a        "log  a  ~"  ^»  ^^ 

fy«+hyz  — wz  =  Cz2.  III 

Thèse  équations  represent  the  invariant  families  of  surfaces  whose 
intersections  are  the  path  curves  of  the  group.  Equation  III  is  a 
System  of  quadric  cônes  with  vertices  at  B  and  the  Une  AB  as  a  com- 
mon  élément. 

Theorem  18.  There  are  three  distinct  families  of  ruled  surfaces  in- 
variant under  ail  the  colUneations  of  the  group  Gi(ABlp)anh.  Two 
of  thèse  families  are  transcendental  surfaces  and  one  is  a  family  of 
quadric  cônes. 

Two-  and  three-parameter  subgrau ps  of  Oa(ABIp), — If  a  is  con- 
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stant  and  n,  h,  t  variable,  we  bave  a  Ibree-parameter  subgroap  of 
64(ABlp).  AU  collineations  of  tbis  groop  68(ABlp)  leave  invariant 
tbe  f amily  of  surfaces  given  by  1.  If  n  is  constant  wbile  a,  b  and  t  vary, 
we  bave  another  tbree-parameter  group  G8( ÂBlp)n.  Tbis  groop  leaves 
invariant  a  System  of  (x?  quadric  cônes.  Tbere  are  tbos  two  Systems 
of  tbree-parameter  subgroups  of  Q4( ABlp),  one  for  eacb  positive  value 
of  a  and  one  for  each  real  value  of  n. 

If  a  and  n  are  botb  constant  wbile  h  and  t  vary,  we  bave  a  two- 
parameter  subgroup  of  G4(ABlp).  If  b  and  n  are  botb  constant  and 
k  and  t  vary,  we  bave  anotber  two-parameter  group.  Tbe  invariant 
surfaces  are  easily  determined.  Tbus  tbere  are  two  système  of  two- 
parameter  subgroups  of  64(ABlp). 

Theorem  19.  Tbe  group  G-4(ABIp)  contains  two  singly  infinité 
Systems  of  tbree-parameter  subgroups  and  two  doubly  infinité  Systems 
of  two-parameter  subgroups. 

Since  k  is  botb  positive  and  négative,  and  since  only  tbese  collinea- 
tions witb  positive  k  can  be  generated  from  infinitésimal  transforma- 
tions of  tbe  group,  it  foUows  tbat  only  one-balf  of  tbe  collineations  in 
tbe  group  64 (ABlp)  belong  to  its  one-parameter  subgroups. 

§2.  SoME  Spécial  Subgroups  dp  G4(ABlp). 

Threeparameter  subgroups  of  type  XIII. — When  k=l,  or,  wbat 
amounts  to  tbe  same  tbing,  wben  a  =  l,  tbe  one-dimensional  trans- 
formation along  tbe  Une  AB  is  identical,  and  bence  every  point  on  tbe 
Une  is  an  invariant  point  ;  dualistically  every  plane  tbrough  tbe  Une 
1  is  an  invariant  plane.  Tberefore,  tbe  resulting  transformations  are 
of  type  XIII.  Since  tbere  are  three  remaining  parameters,  n,  b,  and 
t,  we  bave  a  tbree-parameter  subgroup  of  type  XIII. 

Three-parameter  subgroup  of  type  XI — If  n=0,  tbe  tbree-para- 
meter group  of  type  III  in  tbe  plane  p  reduees  to  a  two-parameter 
group  of  type  Y.  Tbe  resulting  collineations  in  space  are  of  type  XI, 
since  every  point  on  1  is  invariant,  and  form  a  tbree-parameter  group 
whose  parameters  are  k,  h,  and  t.  Also,  if  we  put  t=0,  nt±0,  and 
ht±:0,  the  QD^  collineations  in  tbe  plane  p  are  again  of  type  V  and 
form  a  two-parameter  group.  Tbus  we  bave  another  tbree-parameter 
group  of  type  XI. 

Two-parameter  subgroup  of  type  VII — If  a=l  and  n--0,  ail 
points  in  the  plane  ABl  are  invariant  and  the  collineations  are  of 
type  VII.  They  form  a  two-parameter  group  of  type  VII.  Also,  if 
a=l  and  t=0,  but  nt±0  and  htdiO,  we  bave  left  a  two-parameter 
group  of  type  VII,  dualistic  to  the  last. 

Theorem  20.  The  group  G4(ABlp)  contains  one  tbree-parameter 
subgroap  of  type  XIII,  two  three-parameter  subgroups  of  type  XI, 
and  two  two-parameter  subgroups  of  type  VII. 


A  NEW  THEOBT  OF  COLLINEATIONS  IN  SPACE,  III. 
GoUineations  of  Type  Y  in  Space. 

BY  H.   B.   NELSON. 

A.—Synthetic  Forecast 

Invariant  figure  of  T, — The  fundamental  invariant  figure  of  a 
coUineation  in  space  of  type  Y  consista*  of  a  plane  p,  a  Une  1,  and  a 
point  A;  A  and  1  are  both  in  p  and  A  is  on  1.  Let  this  invariant 
figure  be  denoted  by  (Api),  and  let  T  be  a  coUineation  of  type  Y, 
leaving  (Api)  invariant.  The  coUineation  T  and  its  invariant  figure 
(Api)  are  both  self-dualistio.  Along  the  Une  1  and  in  the  pencil  of 
planes  through  1,  T  produces  a  one-dimensional  parabolic  transforma- 
tion ;  in  the  plane  p  and  in  the  bundle  of  rays  through  A,  T  produces 
two-dimensional  transformations  of  type  III. 

The  group  0%{Apl), — The  two-dimensional  transformations  of 
type  III  in  p,  leaving  the  lineal  élément  Al  invariant,  are  œ'  in  num- 
ber  and  form  a  three-parameter  group  with  one-  and  two-parameter 
subgroups.  This  three-parameter  group  leaves  invariant  the  System 
of  00*  oonics  touching  1  at  A  ;  a  two-parameter  subgroup  leaves  in- 
variant a  net  of  oo^  of  thèse  conics  having  three  points  in  common  at 
A  ;  a  one-parameter  subgroup  leaves  invariant  each  of  a  pencil  of  oo* 
conics  having  four  points  in  common  at  A. 

Dualistically  the  two-dimensional  transformations  of  type  III  in 
the  bundle  of  rays  through  A  are  oc'  in  number,  and  form  a  three- 
parameter  group  wilh  one-  and  two-parameter  subgroups,  leaving  in- 
variant the  System  of  oo*  quadric  cônes  having  their  vertices  at  A  and 
touching  p  along  the  Une  1;  a  two-parameter  subgroup  leaves  in- 
variant a  net  of  oc^  of  thèse  cônes  having  three  éléments  in  common 
along  1  ;  a  one-parameter  subgroup  leaves  invariant  each  of  a  pencil 
of  cx^  cônes  having  four  éléments  in  common  along  A. 

Thèse  two  two-dimensional  three-parameter  groups  are  independent 
of  each  other,  and  hence  the  three-dimensional  transformations  of  type 
V,  leaving  (Api)  invariant,  dépend  upon  six  parameters:  i.  c,  they 
are  oc^  in  number,  and  form  a  six-parameter  group  G6(Apl). 

Theorem  1.  There  are  oc°  colUneations  of  type  Y  in  space  leaving 
the  figure  (Api)  invariant;  thèse  form  a  six-parameter  group  G6(Apl). 
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Subgroups  of  0%(Apl). — There  are  two  varieties  of  five-parameter 
subgroups  of  G6(Âpl).  One  of  thèse  subgroups  consists  of  ail  ooU 
lineations  in  G6(Apl)  which  leave  invariaLt  a  net  of  oc*  conics  in  p 
and  the  System  of  œ*  cônes  through  A.  A  subgroup  of  the  other  va- 
riety  consists  of  ail  coUineations  in  OeCApl)  which  leave  invariant  the 
System  of  oc"  conics  in  p  and  a  net  of  oc*  cônes  through  A.  Thèse 
two  varieties  of  five-parameter  groupa  form  a  dualistic  pair.  There 
are  oo^  groupa  of  eaoh  variety. 

There  are  three  varieties  of  four-parameter  subgroups  in  G«(Apl), 
viz.:  (1)  AU  those  coUineations  in  GeCApl),  which  leave  invariant  a  net 
of  GO*  conics  in  p  and  a  net  of  od*  cônes  through  A,  form  a  subgroup; 
(2)  ail  those  coUineations,  which  leave  invariant  a  pencil  of  oc^  conics 
in  p  and  aU  cônes  through  A,  form  a  subgroup;  (3)  aU  coUineations 
in  GeCApl),  which  leave  invariant  the  oo'  conics  in  p  and  a  pencil  of 
00^  cônes  through  A,  form  a  subgroup.  The  second  and  third  varieties 
form  a  dualistic  pair  and  the  first  is  self -dualistic. 

There  are  two  varieties  of  three-parameter  subgroups  in  GeCApl), 
viz.:  (1)  AU  coUineations  in  G6(Apl),  which  leave  invariant  a  net  of 
OD*  conics  in  p  ard  a  pencil  of  oc^  cônes  through  A,  form  a  subgroup  ; 
(2)  ail  coUineations  in  G6(Apl),  which  leave  invariant  a  pencil  of  o^ 
conics  in  p  and  a  pencil  of  oc*  cônes  through  A,  form  a  subgroup. 
Thèse  two  group  varieties  form  a  dualistic  pair. 

There  are  oc*  two-parameter  subgroups  of  G6(Apl).  One  of  thèse 
subgroups  consists  of  ail  coUineations  which  leave  invariant  a  pencil 
of  conics  in  p  and  a  pencil  of  cônes  through  A.  There  is  only  one  va- 
riety of  such  two-parameter  groupa. 

In  the  above  two-parameter  group  the  parameters  of  the  two-di- 
mensional  transformations  in  p  and  through  A  are  t  and  i\  respectively. 
If  we  set  t'=gt  and  keep  g  constant,  we  obtain  a  one-parameter  sub- 
group of  G6(Apl). 

Theorem  2.  There  are  nine  varieties  of  subgroups  of  type  V  in  the 
group  G6(Apl),  viz.:  Two  varieties  of  five-parameter  subgroups,  three 
of  four-parameter  subgroups,  two  of  three-parameter  subgroups,  one 
of  two-parameter  subgroups,  and  one  of  one-parameter  subgroups. 

Spécial  subgroups  of  Gs{Apl). — The  group  GeCApl)  contains  a 
number  of  subgroups  composed  of  coUineations  of  lower  types  than 
type  V,  viz.,  groupa  of  type  XIII,  XII,  and  VII.  The  three-param- 
eter group  of  type  III  in  the  plane  p  contains  two  two-parameter 
subgroups  of  elations,  viz.,  H'2(A)  and  H'2(l).  The  colUneations  in 
GeCApl),  whose  plane  coUineations  in  p  are  of  type  Y,  are  generally  of 
type  XIII.  Hence,  corresponding  to  the  two  groups  H't(A)  and 
H'2(l)  in  p,  the  group  G6(Apl)  contains  two  five-parameter  subgroups 
of  type  XIII.    Thèse  five-parameter  groups  contains  four-  and  three- 
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parameter  subgroupB  of  type  XIII;  but  thèse  détails  belong  more 
properly  to  the  theory  of  type  XIII,  and  will  be  discussed  under  that 
heading. 

If  the  transformation  in  the  plane  p  is  identical,  the  collineations 
are  of  type  VU,  and  form  a  three-parameter  group  G8(p).  Daalis- 
tically,  if  the  two-dimensional  transformation  through  A  is  identical, 
the  collineations  are  of  type  VII  in  space  and  form  a  three-parameter 
group  of  type  VII,  GsCA).  Thus  G8(Apl)  contains  a  daalistio  pair 
of  three-parameter  subgroups  of  type  VII. 

If  the  one-dimensional  transformations  along  the  Une  1  and  in  the 
pencil  of  planes  through  1  are  both  identical,  the  collineations  are  of 
type  XII.  Of  the  oc*  collineations  in  GsCApl),  od*  satisfy  thèse  two 
conditions,  and  hence  this  group  contains  oo^  collineations  of  type 
XII.  Thèse  constitute  a  four-parameter  group  of  type  XII.  The 
constitution  of  this  group  will  be  discussed  in  the  proper  place  in  this 
séries  of  papers. 

Theorem  3.  The  group  G6(Apl)  contains  two  five-parameter  sub- 
groupe of  type  XIII,  two  three-parameter  subgroups  of  type  VII,  and 
one  four-parameter  subgroup  of  type  XII. 

B. — An  al  y  tic  Vérification, 
§1.  The  Six-parameter  Group  GeCApl). 
Analytic  expression  for  T, — Along  the  Une  1  and  in  the  pencil  of 
planes  through  1  the  colUneation  T  produces  one-dimensional  parabolic 
transformations  whose  constants  we  shall  designate  by  mt  and  nt,  re- 
spectively.  Let  h,  k  and  g  be  three  other  constants  determining  T. 
Let  the  tetrahedron  of  référence  (ABCD)  be  taken  so  that  B  is  on  1, 
G  in  the  plane  p,  and  D  anywhere  in  space.  The  plane  p  is  now  the 
plane  z=0;  y=0  passes  through  1;  x=0  passes  through  A;  and 
w=0  is  not  specially  related  to  the  invariant  figure.  The  colUneation 
T  is  expressed  by  the  foUowing^equations  : 

lr=l  +  '^t'  (1) 

t==T+tT+ti'+H  (2) 

^  =  T  +  °>t|  +  (  ï^*  +  l>t)7  +  Tl'  +  (—2—  )t'  +  gt-     (3) 
Theee  équations  may  be  thrown  into  the  form  : 
X,       x  +  ty  +  (ft»  +  ht)z, 


wi      w  +  mtx  +  (™t»  +  kt)y  +  (^f  4-  ii^+J^Hli^  +  gt)z, 

yi  ^  y  +  <z, 

wi      w  +  mtx  +  (Et»  +  kt)y  +  (^  t»  +  iiil!4-!^t»  +  gt)z, 

Zi  z 

^  ~  w  +  mtx  +  {^\?  -I-  kt)y  +  (î^t»  +  """3+"°^  +  gt)z. 


(4) 
(5) 
(6) 


102  KAN8AS   UNIVBRSITY   QUABTBRLT. 

That  T  is  correotly  expressed  by  thèse  équations  is  shown  as  fol- 
lows  :  (1)  shows  that  the  one-dimensional  transformation  in  the  pencil 
of  planes  through  1  is  parabolic;  (1)  and  (2)  show  that  the  two- 
dimensional  transformation  in  the  bundle  of  rays  through  A  is  of  type 
III  ;  (4),  (5)  and  (6)  show  that  A  =  (0, 0, 0,  w)  is  an  invariant  point  ; 
(6)  shows  that  z=0  is  an  invariant  plane  ;  making  z=0in(4),  (5), 
and  (6),  the  modified  form  of  (4)  and  (5)  shows  that,  in  the  plane  p, 
1  is  an  invariant  Une  and  that  the  coUineation  in  p  is  of  type  III. 

Six-parameter  group  Ot{Apl). — The  numbers  m,  n,  h,  k,  g,  t  may 
vary  independently,  and  henoe  there  are  œ^  coUineations  of  type  V,  each 
leaving  (Api)  invariant.  Let  Ti  be  a  second  coUineation  of  the  same 
System,  whose  constants  are  mi,  m,  hi,  ki,  gi,  ti,  and  which  transforms 
Pi  to  Pî.  Eliminating  xi,  yi,  Zi,  wi  from  T  and  Ti,  we  get  T»,  whose 
équations  are  of  the  same  form  as  those  of  T  and  whose  constants  are 
m%  m,  h2,  k2,  gs,  ts.     We  find  the  foUowing  values  of  tt,  etc.: 

t  +  tl  =  t2,  (7) 

nt  +  niti  =  n2t2,  (8) 

mt  +  miti  =  mata,  (9) 

nt»-f2ntt.4n^  _^  ^^  _^  j^  ^i  =  -^t|  +  hjtî,  (10) 

mt>-f2ai.tt.4-m.tT  +  tt  +  kiti  =  ^t|  +  katj,  (11  ) 

mnt*  +  8m,DtHi  -f  8mintt;  +  m,n,t?     ,    (hm  -f  kp)t*  -f  2(hm,  -f- kin)tti  -f  (htin,  -f  k,niH«  ^_ 
6  '  2  » 

gt  +  giti  =  ^t\  +  !i^5ii±J£iH.tî  +g,t2.  (12) 

Thèse  six  équations  show  that  ail  the  parameters  are  essential,  and 
that  we  hâve  a  six-parameter  group  ;  thus  verifying  theorem  1. 

§2.  Onb-parameter  Subgrgups  dp  G6(Apl). 

The  one-parameter  group  6i{Apl), — If -we  keep  m,  n,  h,  k  and  g 
fixed  and  let  t  alone  vary,  we  select  thus  from  G6(Apl)  cx)^  coUinea- 
tions which  form  a  one-parameter  subgroup  of  G6(Apl).  This  foUows 
from  the  fact  that  under  thèse  conditions  there  are  no  longer  six  inde- 
pendent  équations  (7)-(12),  but  only  one,  viz.,  (7).  The  parameter 
of  the  group  is  t,  and  the  équation  t  -f  ti  =t2  teUs  us  that  its  properties 
are  those  of  a  one-dimensional  parabolic  group.  Evidently  there  are 
QD*  such  subgroups  of  G6(Apl),  one  for  each  value  of  m,  n,  h,  k,  g. 
Such  a  group  is  designated  by  Gi(Apl).  This  is  the  only  variety  of 
one-parameter  subgroups  contained  in  G6(Apl);  for  if  any  other  para- 
meter besides  t  be  made  to  vary  alone  and  the  other  fîve  be  kept 
fîxed,  the  resulting  oc^  coUineations  do  not  form  a  group.  Equations 
(7)-(12)  confirm  this  statement. 

Invariant  curves  and  sur/aces  of  0\{Apl). — The  familles  of  sur- 
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faces  invariant  under  the  ooUineationB  of  the  group  Gi(Apl)  are  ob- 
tained  by  eliminating  t  from  ail  pairs  of  équations  formed  from  (1), 
(2),  and  (3).    From  (1)  and  (2)  we  get: 

f(xi,  yi,  zi)=f(z,  y,  z)=Jy*+hyz— nxz— Cz'=0.  I 

From  (l)  and  (3),  and  making  use  of  the  identity  in  I,  we  get: 
f (xi,  yi,  zi,  wi)  =f (z,  y,  z,  w)  =  ^y»  +  ^HL^y^^ _ mnxyj^ _ gny^t  + 

nVz»— Cz»=0.  II 

From  (2)  and  (3),  and  using  the  identities  in  I  and  II,  we  get: 

f(xi,yi,zi,wi)=f(x,y,z;w)=jx[=^(hz  +  y)+^z]-^j'  + 
jx(gz  +  ky  +  ^')-w(hz  +  y)( 
\T(«^+^J  +  '-^)-{hz  +  y)\^{hz  +  y)+^z]\-Cz^=0.    III 

Making  z=0  in  équations  (4),  (5),  and  (6),  the  last  disappears,  and 
the  modified  fonus  of  (4)  and  (5)  oan  be  put  into  the  form  : 

'•       '  (10) 

^  =  f  +  mtf  +  ft»  +  kt. 

Eliminating  t  from  thèse,  we  hâve  the  foUowing  équation  of  the  in- 
variant conics  in  the  plane  p  : 

f(xi,  yi,  wi)=f(x,  y,  w)=fx«  +  kxy— yw  =  Cy».  IV 

In  I,  II,  III,  and  IV,  C  is  the  arbitrary  parameter  of  the  family  of 
surfaces. 

Equation  I  represents  a  system  of  quadric  cônes  having  A  for  a 
common  vertex,  1  for  a  common  élément,  and  p  for  a  common  tangent 
plane.  Equation  II  represents  a  family  of  cubip  ruled  surfaces  having 
1  for  a  common  Une  and  the  plane  p  for  an  inflectional  tangent  plane 
along  the  Une  1.  The  curves  of  intersection  of  I  and  II  are  the  path 
curves  of  the  group  Gi(Apl). 

The  two  families  of  surfaces  hâve  the  Une  1  in  common  ;  hence  their 
curves  of  intersection  are  of  a  lower  degree  than  the  sixtli.  Taking  a 
section  of  both  surfaces  by  the  plane  w==0,  we  get  the  foUowing  Sys- 
tem of  curves  : 

Jy^  +  hyz  — nxz  =  Cz^  and  fy'  +  ^^^y'z  — 

mnxy  z  —  gny  z^  =  Cz*.  (11) 

Eliminating  x  from  thèse  équations,  we  6nd  three  points  of  inter- 
section exclusive  of  those  on  1.  Hence  the  intersections  of  the  Sys- 
tems of  surfaces  I  and  II  are  od^  twisted  cubics  in  space.  They  ail 
pass  through  A  and  hâve  1  for  a  common  tangent  at  A. 

Thborem  4.   The  group  GeCApl)  con tains  oo*  one-parameter  sub- 
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groupe  ;  the  path  ourves  of  one  of  thèse  subgroope  are  twisted  cubios  ; 
eaoh  Bubgroup  leaves  iavariant  a  family  of  quadric  cônes,  a  family  of 
cubic  cônes,  and  a  family  of  quartic  surfaces. 

§3.   Other  Subgroups  dp  GeCApl). 

Five-parameter  subgroupa  of  Oe{Apl). — If  m  be  kept  fixed  and 
the  other  five  parameters  be  allowed  to  vary,  the  resulting  coUinea- 
tions  form  a  five-parameter  group  G6(Apl)m.  If  we  make  mi=m  a 
constant  in  équations  (7)-(12),  we  find  also  m3=m,and  équation  (9) 
is  no  longer  independent.  The  remaining  five  équations  show  the  five- 
parameter  group.  There  are  oo^  such  subgroups  in  G6(  Api),  one  for 
each  real  value  of  m.  The  group  G6(Apl)m  leaves  invariant  a  net  of 
00*  conics  in  the  plane  p. 

In  exactly  the  same  way  it  may  be  shown  that  when  ni=n  also 
n2=:n,  and  we  hâve  another  singly  infinité  System  of  five-parameter 
subgroups  G6(Apl)n.  The  group  G6(Apl)n  leaves  invariant  a  net  of 
00*  quadric  cônes  with  their  vertices  at  A. 

FouT'parameter  suhgroups  of  G^iApl), — If  n  and  h  are  both  con- 
stant while  the  other  four  parameters  vary,  the  remaining  oo^collinea- 
tions  form  a  four-parameter  subgroup  of  G^j(Apl).  This  is  shown  by 
the  vanishing  of  équations  (8)  and  (10);  the  remaining  four  show  a 
four-parameter  subgroup.  There  is  a  doubly  infinité  System  of  thèse 
four-parameter  groupa,  one  for  each  value  of  n  and  h.  One  of  thèse 
groups,  G4(Apl)nh,  leaves  invariant  a  singly  infinité  System  of 
quadric  cônes  contained  in  I. 

If  m  and  k  are  both  constant  while  the  other  four  parameters 
vary,  the  remaining  oo*  coUineations  form  a  four-parameter  group 
G4(Apl)mk.  This  is  shown.  by  the  vanishing  of  équations  (9)  and 
(11);  the  remaining  four  équations  show  the  four-parameter  group. 
There  is  a  doubly  infinité  System  of  thèse  four-parameter  subgroups, 
one  for  each  value  of  m  and  k.  The  group  G4(Apl)mk  leaves  in- 
variant a  pencil  of  conics  in  the  plane  p. 

If  m  and  n  are  both  constant  while  h,  k,  g,  t  vary  independently,  we 
hâve  another  four-parameter  subgroup  of  G6(Apl).  The  six  équa- 
tions (7)-(12)  reduce  to 

t  -f-  ti  =  t2,  ht  +  hiti  =  hâta,  kt  +  kiti  =  katî,  and 
2 H  gt  +  giti  = 2 1,  -H  gjtj. 

The  group  G4(Apl)mn  leaves  invariant  a  net  of  oo*  conics  in  p  and 
a  net  of  oo^  cônes  through  A.  There  is  a  doubly  infinité  System  of 
thèse  four-parameter  subgroups,  one  for  each  value  of  m  and  n. 

TAree-parameter  suhgroups  of  Oi{Apl). — There  are  two  triply  in- 
finité Systems  of  three-parameter  subgroups  of  Ge^Apl);  one  of  thèse 
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reBQlts  when  m,  n  and  h  are  constant,  the  other  when  m,  n  and  k  are 
constant.  In  the  first  case  the  group  G8(Âpl)mnh  leaves  invariant  a 
net  of  conics  in  p  and  a  pencil  of  cônes  through  Â  ;  in  the  second  case 
the  group  G8(Apl)mnk  leaves  invariant  a  pencil  of  conics  in  p  and  a 
net  of  cônes  through  À. 

TwO'parameter  subgroup  of  GsiApl), — When  m,  n,  h,  k  are  ail 
constant  and  g  and  t  alone  vary,  the  cc^  coUineations  form  a  two-para- 
meter  subgronp  of  OsCApl).  Evidently  there  is  a  quadruply  infinité 
System  of  thèse  two-parameter  groupe.  The  group  62(Apl)mnhk 
leaves  invariant  a  pencil  of  conics  in  p  and  a  pencil  of  cônes  through  Â. 

Theorbm  6.  The  group  66(Âpl)  contains  two  singly  infinité  Sys- 
tems of  five-parameter  subgroups,  three  doubly  infinité  Systems  of 
four-parameter  subgroups,  two  triply  infinité  Systems  of  three-para- 
meter  subgroups,  and  one  quadruply  infinité  System  of  two-parameter 
subgroups.  Thèse  are  characterized  by  m  =  c;  n=c;  m=c  and 
n=c;  n=candh=c;  m=candk  =  c;  m=c,  n=o,  h=c;  m=c, 
n=c,  k=c;  m=c,  n=c,  h=c,  k=c. 

§3.  SoME  Spécial  Subgroups  op  GeCApl). 

Oroups  of  type  XIII  in  0^{Apl), — For  any  constant  value  of  m 
we  hâve  a  five-parameter  subgroup  of  G6(Apl);  for  the  spécial  value 
01=0  the  subgroup  requires  spécial  attention.  Let  m=0  in  équation 
IV;  it  reduces  to  y(kx — w — Cy)^0,  L  e.,  the  conics  in  p  break  up 
into  the  invariant  line  y=0  and  the  pencil  of  lines  kx — w — Cy=0. 
Hence  the  coUineation  in  the  plane  p  is  of  type  Y;  dualistically  the 
coUineation  in  the  bundle  through  III  is  also  of  type  V.  Thus  it 
must  hâve  a  pencil  of  invariant  planes  corresponding  to  the  line  of  in- 
variant points  in  p.  The  coUineations  in  space  are  therefore  of  type 
XIII,  and  thèse  form  a  five-parameter  group  of  this  type. 

In  like  manner,  when  n^^O  the  two-dimensional  coUineations  in  p 
and  through  A  are  of  type  V  and  the  three-dimensional  coUineations 
are  of  type  XIII.     They  form  a  five-parameter  subgroup  of  this  type. 

Each  of  thèse  five-parameter  subgroups  of  type  XIII  contains  a 
singly  infinité  System  of  four-parameter  subgroups  and  a  doubly  in- 
finité System  of  three-parameter  subgroups  of  type  XIII.  The  fun- 
damental  group  of  XIII  is  three-parametered.  The  discussion  of  the 
détails  of  thèse  groups  belongs  more  properly  to  the  theory  of  type 
XIII  and  will  be  given  in  its  proper  place. 

Subgroup  of  type  XII  in  Gs{Apl). — When  m=^0  and  n==^0,  the 
one-dimensional  transformations  along  1  and  in  the  pencil  of  planes 
through  1  are  both  identical;  hence  ail  points  on  1  and  ail  planes 
through  1  are  invariant.     The  coUineations  in  the  planes  through  1  are 
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ail  of  type  Y;  henoe  the  coUineations  in  spaoe  are  of  type  XII.  There 
are  oo^  such  coUineationa  in  G6(Apl),  and  they  form  a  foor-parameter 
subgroup  of  type  XII. 

Suhgroups  of  type  VII  in  Os{Apl). — When  n,  m  and  k  are  ail 
zéro,  the  transformation  in  the  plane  p  is  identical,  and  the  remaining 
coUineations  are  of  type  VII  and  form  a  three-parameter  group. 
Dualistically  there  is  a  three-parameter  group  of  type  VII  which 
leaves  invariant  every  ray  through  A.  This  résulta  when  m=0, 
n=0,  and  h =0.  The  subgroups  of  thèse  two  three-parameter  groupa 
will  not  be  discussed  hère. 

Theorem  4.  The  group  GeCApl)  contains  two  five-parameter  sub- 
groups of  type  XIII,  one  four-parameter  subgroup  of  type  XII,  and 
two  three-parameter  subgroups  of  type  VII. 

The  theory  sketched  in  this  paper  holds  equally  well  whether  the 
coUineations  are  real  or  complex. 

Table  of  croups  of  type  V. — The  foUowing  is  a  complète  list  of  the 
continuons  groups  of  coUineations  of  type  V: 

(1)  G«(Apl). 

(2)  G»(Apl)m. 

(3)  G6(Apl)n. 

(4)  G4(Apl)mn. 

(5)  G4(Apl)nh. 

(6)  G4(Apl)mk. 

(7)  G8(Apl)mDh. 

(8)  G,(Apl)mnk. 

(9)  Gî(Apl)mnhk. 
(10)   Gi(Apl). 
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Additional  BpedeSi  Food-plants  and  Bibliography  of  Eansas  Oocoida,  with 
Appendix  on  other  Bpedes  Beported  £rom  Eansas. 


BY  s.  J.  HUNTER.    With  plate  VIII. 

A.— Additional  Species.  ^ 

Kermès  pubescens  Bogae.    Plate  VIII,  fig.  1. 
On  white  oak,  Lawrence,  Douglas  county. 

Kermès  nivalis  King  and  Ckll.    Plate  VIII,  fis:.  2. 
On  white  oak,  Lawrence,  Douglas  county. 

Orthezia  graminis  Tinsley.    Plate  VUE,  figs.  3,  4. 
On  goldenrod  {Solidago  sp.),  Blue  Rapids,  Marshall  county.    Mrs. 
S.  G.  Cady,  coUector. 

B.— Food-plants  of  Kansas  Coccidœ. 

In  order  to  understand  the  significance  or  importance  of  the  food- 
plants  of  CoccidsBy  or  scale-insects,  some  knowledge  of  the  life  and 
habits  of  the  insect  is  necessary.  Scale-iusects  are  plant  parasites 
and  looate  themselves  upon  the  bark  or  outer  covering  of  the  plants. 
They  hâve  long,  slender  beaks,  which  they  are  able  to  insert  into  the 
tissues  of  the  plants  and  draw  therefrom  the  plant  juices.  Some  scale- 
insects  choose  but  a  single  host-plant,  and  others  seem  to  be  able  to 
subsist  upon  a  very  great  variety  of  plants.  This  adaptability  to  va- 
rious  food-plauts  has  much  to  do  with  the  numbers  of  the  several 
species  in  existence.  It  is  évident  that  if  a  species  of  insect  has  to  dé- 
pend exclusively  upon  a  single  plant  variety,  the  chances  of  life  for 
this  insect  would  decrease  with  a  decrease  in  numbers  of  the  host  ; 
while,  on  the  other  hand,  scale-insects  which  hâve  the  power  to  adapt 
themselves  to  a  number  of  plants  hâve  greater  chances  of  life  and 
better  opportunities  for  numerical  increase.  In  animal  parasitism 
the  parasite  tends  to  increase  as  the  host  increases.  The  increase  of 
the  parasite,  however,  is  generally  in  a  greater  ratio  than  the  increase 
of  the  host,  so  that  the  parasite  frequently  becomes  so  numerous  as 
to  destroy  or  greatly  curtail  the  increase  of  the  host,  and  then  the 
parasite  must  succumb  likewise,  or  adapt  itself  to  new  conditions. 
Such  relations  between  host  and  parasite  exist  to  a  certain  extent  be- 
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tween  the  scale-insects  and  tbeir  respective  hosts.  A  study  of  the 
food-plants,  therefore,  of  tbe  scale-insects,  becomes  a  matter  of  oon- 
BÎderable  importance  in  determining  tbe  continuation  of  a  apecies  and 
the  possibilities  of  its  numerical  increaee.  The  insects  berein  dis- 
cuseed  bave  been  found  on  certain  food-planta  in  Kansas.  Tbey  bave 
likewise  been  found  by  other  authorities  on  other  food-plants  in  other 
parts  of  the  globe.  A  record  of  each  of  thèse  discoveries  is  given  in 
the  foUowing  pages  : 

Aapidiotus  forbesi  Johna. 
Honey-locust,  Oleditschia  (ricanthos  (  Johns.),  Ckll.,  Proo.  Nat.  M.,  XIX,  p.  738. 
Peach,  Prunus,  Ckll.,  ibid.,  p.  740. 

Apricot,  Prunus  armeniaca,  Johns.,  Ent.  News,  p.  151  (1S96). 
Garden  currant,  Ribes  rubrum,  ibid. 
Ash,  Osborn,  Proc.  lowa  Aoad.  Soi.,  p.  229  (1897). 
Crab  apple,  Hunter,  K.  U.  Quart,  VIII.,  No.  1,  p.  4  ( Jan.  1899). 
Pear,  Johns.,  111.  Sta.  Lab.  Nat.  Hist.,  IV,  p.  381. 
Plum,  ibid. 
Apple,  ibid. 
Quince,  ibid. 
Currant,  ibid. 
Wild  and  cultivated  cherry,  Amygdaluê  perêica^  Leonardi,  Riv.  di  Pat.  Veg., 

p.  43(1897). 
Acer  fraxinus,  ibid. 
Siaphylea  irifoliatay  ibid. 

Aspiiliotus  aneylus  Putnam. 
Linden,  Conastock,  2d  Corn.  Univ.  Rept.,  p.  140. 
Boz-elder,  Negundo  sp.,  Ckll.,  Proc.Nat.  M.,  XIX,  p.  735. 
Apricot,  Prunus  artneniacum,  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  741. 
Plum,  Prunus  domestica,  in  Santa  Fé,  N.  M..  Ckll.,  ibid. 
Black  currant,  Pibes  sp.,  Ckll.,  Am.  Nat.,  p.  731  (1895). 
Oaks,  Comstock,  2d  Corn.  Univ.  Rept.,  p.  140. 
Beech,  ibid.,  p.  139. 
Water  locust,  ibid.,  p.  140. 

Jlex  verticiUata,  Felt.,  Bull.  N.  Y.  Mus.,  VI,  No.  31,  p.  617  (1900). 
Hemlock,  ibid. 
Mountain  ash,  ibid. 

Willow.  Felt.,  Bull.  N.  Y.  Mus.,  V,  No.  23,  p.  261  (1898). 
Apple,  ibid. 
£lm,  ibid. 

Pear,  Gillette  and  Baker,  Colo.  Agr.  Exp.  Sta.,  Bull.  31,  Tech.  Sêr.,  No.  1,  p.  128. 
Black  maple,  Newell,  Cont.  lowa  St.  Col.  Agr.,  No.  3,  p.  8. 
Birch,  ibid. 
Snowball,  ibid. 

Oleditschia  tricanthos,  Ann.  Mag.  Nat.  Hist.,  p.  323  (1898). 
Quercus  wrightii,  Ckll.,  Can.  Ent.,  vol.  28,  p.  226  (1896). 
Cottonwood,  Gillette,  Colo.  Agr.  Col.  Ex.  Sta.,  Bull.  No.  38, 1898,  p.  36. 
Spirea  arnicus,  Kiog,  Can.  Ent.,  p.  226,  vol.  — .* 

*  The  geparatee  of  the  Canadian  Entomoloffist  hâve  no  date  marka.  It  h  as  been,  therefore. 
impossible  to  loeate  accarately  ail  références  as  to  récent  numbers  of  this  magasine,  alaoe  tbe 
department  nnmbers  are  at  the  bindery. 
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Honey-looust,  King,  Can.  Ent.,  p.  226,  7ol.  — . 

Qaince,  ibid. 

Maple,  Patnam,  Proo.  Dav.  Aoad.  Nat.  Soi.,  vol.  II,  p.  346. 

Peach,  Comstock,  U.  B.  Dept.  Rept.  Corn.  Agr.,  1880,  p.  59. 

Osage  orange,  ibid. 

Haokberry,  ibid. 

Bladder-nat,  ibid. 

Aah,  ibid. 

Oheetnut,  in  U.  B.  Dept.  Agr.  Coll.    Howard. 

Cratœguêf  ibid. 

Elagnua  refleza,  ibid. 

Lonicera,  ibid. 

Syringa,  ibid. 

Pruntiê  pissardif  ibid. 

Aupidiotus  uvœ  Cornet. 

Grape,  Cornet.,  2d  Rept.  Dept.  Ent.  Cor.  Ezp.  Sta.,  p.  71, 1883. 
Hickory,  ibid. 

Aspidiotus  osbomi  Newell. 

Quercuê  alba,  Hun  ter,  K.  U.  Quart,  vol.  VIII,  No.  1,  p.  6. 

Ironwood,  Ostrya  virginica,  Newell,  Cont.  lowa  Bt.  Col.  Agr.,  No.  3,  p.  7. 

Aspidiotus  ulmi  Johns. 

White  elm,  Ulmua  americana,  Johns.,  111.  St.  Lab.  Nat.,  vol.  IV,  art.  13,  p.  388. 
Slippery  or  Red  elm,  Ulmusfulva,  Hunter,  K.  U.  Quart.,  VIII,  No.  1,  p.  6. 
Catalpa,  Hunter,  K.  U.  Quart.,  VIII,  No.  1,  p.  6. 

Aspidiotus  femaldi  Ckll.,  subsp.  albiventer. 
Maple,  ^cersp.,  Hunter,  K.  U.  Quart.,  VIII,  No.  1,  p.  7. 

Aspi€liotus  obscurus  Comat. 

Willow  oak,  Comst.,  2d  Corn.  Univ.  Rept.,  p.  140. 

Blaok  oak,  Quercus  sp.,  Hunter,  K.  U.  Quart,  VIII,  No.  1,  p.  7. 

Chestnut,  Hunter,  found  in  Miami  oounty,  Kansas,  June,  1901. 

Aspidiotus  Juglans-regiœ  Comst. 

Peach,  Prunus  or  Amygdalua  persica,  Ckll.,  Proo.  Nat.  M.,  XIX,  p.  740. 

Engliah  walnut,  Comst.,  2d  Corn.  Univ.  Rept.,  p.  61. 

Prune,  Prunus  sp.  (Ehrhom),  Ckll.,  Can.  Ent.,  1896,  p.  260. 

Crab  apple,  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  1,  p.  8. 

Pear,  Comst.,  2d  Corn.  Univ.  Rept,  p.  62. 

Cherry,  ibid. 

Locust,  ibid. 

Ash,  Fernald,  Pa.  Dept.  Agr.,  Bull.  No.  43,  p.  20. 

Currant,  Osborn,  Proc.  lowa  Acad.  Soi.,  vol.  V,  p.  230,  1897. 

Aspidiotus  perniciosus. 

Cherry,  Howard,  Bull.  12,  U.  S.  Dept  Agr.,  Div.  Ent,  p.  13. 
English  huckleberry,  ibid. 
Black  walnut,  ibid. 
Japan  walnut,  ibid. 
English  willow,  ibid. 
»-K.U.Qr.    A-z3 
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QoldeD  willow,  Bull.  12,  U.  S.  Dept.  Âgrr.,  Diy.  Ent,  p.  13. 

Rocky  Mountain  dwarf  cherry,  ibid. 

Flowering  quince,  ibid. 

Japaneee  quinoe,  ibid. 

Strawberry,  ibid. 

Black  currant,  ibid. 

Lombardy  poplar,  ibid. 

Carolina  poplar,  ibid. 

Oolden-leaved  poplar,  ibid. 

SU  ver  maple,  ibid. 

Cut-leaved  birch,  ibid. 

Mountain  ash,  ibid. 

Milkweed,  ibid. 

Catalpa  specioBO,  ibid. 

Aotinidia,  ibid. 

Citrua  trifoliata,  ibid. 

Red  dogwood,  ibid. 

Snowball,  Viburnumt  ibid. 

Juneberry,  ibid. 

Lioquat,  ibid. 

Laurel,  ibid. 

Akebia,  ibid. 

White  currant,  Lochhead,  Ont.  Dept.  Agr.,  p.  31,  Mar.  1900. 

White  ash,  ibid. 

Ornamental  birch,  ibid. 

Maple  leaf ,  ibid. 

Bhubarb,  ibid. 

Hemp,  ibid. 

Lamb's-quarters,  ibid. 

Garden  knotweed,  ibid. 

Mustard,  ibid. 

Beggar-ticks,  ibid. 

Groose-foot,  ibid. 

Bagweed,  ibid. 

Sunflower,  ibid. 

Weeping  willow,  Smith,  Rept.  N.  J.  Agr.  Col.  Exp.  Sta.,  p.  547, 1896. 

Laurel-leaved  willow,  ibid. 

Kilmarnock  willow,  ibid. 

Linden,  ibid. 

English  walnut,  ibid. 

Flowering  currant,  ibid. 

EuonymuHy  ibid. 

Qooseberry,  ibid. 

Persimmon,  Ebenaceœ,  ibid. 

Acacia,  Lei^uminose»,  ibid. 

Elm,  ibid. 

Osage  orange,  ibid. 

Pecan, ibid. 

Hiokory,  ibid. 

Aider,  ibid. 

Cheatnut,  ibid. 

Oak,  ibid. 
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Sumac,  Smith,  Bept  N.  J.  Agr.  Col.  Ezp.  Sto.,  p.  547, 1896. 

Grape,  ibid. 

Catalpa  bîgnoniodea,  (Howard),  Ckll.,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Tech.  Ser., 

No.  6,  p.  17. 
Crab-apple,  Ckll.,  U.  S.  Dept.  Agr.,  Div.  Ent,  Tech.  Ser.,  No.  6. 
Bartlett  pear,  ibid. 
Dwarf  Duchess  pear,  ibid. 
Pyrus  japonicay  ibid. 
Satsuma  plum,  ibid. 
Prunua  pUsardi,  ibid. 
Prunus  maritimi,  ibid. 
Citrua  albnpanetatua,  ibid. 
Cottonwood,  ibid. 
European  linden,  ibid. 

Apple,  Pyrua  malua,  Comst.,  2d  Corn.  Univ.  Rept.,  p.  140. 
Apricot,  Ptunua  armeniaca,  ibid. 

Crab  grass,  Johnson,  Bull.  No.  57,  Md.  Agr.  Exp.  Sta.,  p.  61,  1898. 
Peach,  Ckll.,  Proo.  Nat.  M.,  XIX,  p.  740. 
Rose,  Ckll.,  Amer.  Nat.,  p.  726,  1895. 
Almond,  Fernald,  Bull.  36,  Mass.  Agr.  Col.,  p.  19. 
Spirea,  ibid. 
Raspberry,  ibid. 
Hawthom,  ibid. 
Cotoneaster,  ibid. 

Aêpidiotus  greenii  Ckll. 

Palm,  Howea  belmoreana^  Huntér,  K.  U.  Quart.,  VIII,  No.  1,  p.  11.* 
Banana,  Townsend,  An.  &  Mag.  Nat.  Hist.,  ser..  7,  III,  p.  169.'*' 
Cycaa  (Green),  Ckll.,  Bull.  Div.  Ent,  Tech.  Ser.,  No.  6,  p.  27.* 
House  pahn,  Ckll.,  Ent  Mo.  Mag.,  XXXIV,  pp.  184, 185,  Aug.  1898.* 
Palm,  Seaforthia  elegana,  Ckll.,  Entom.,  XXXII,  p.  93,  Apr.  1899.* 
Guava,  Ckll.  and  Parrott,  Industrialist,  p.  277,  May,  1899.  * 
Vine  leaves,  ibid.* 

Aspidiotua  hederœ  Bail.,  var.  nerii  Bouche. 

Madrone,  Arbutua  menzieaii^  Coquillett,  Bull.  26,  Div.  Ent.  U.  S.  Dept  Agr.,  p.  20. 

Centurj  plant.  Agave  americana,  ibid. 

Lilae,  Syringa  vulgaria,  ibid. 

Nightshade,  Solanum  douglaaii^  ibid. 

China  tree,  ibid. 

English  iv7,  ibid. 

Oak,  Quercua  agrifolia^  ibid. 

Arborvitae,  Thuja  occidental is,  on  conea  of,  ibid. 

Acacia,  Comstock,  2d  Rept.  Corn.  Univ.  Ezp.  Sta.,  1883,  p.  13. 

Cherry,  ibid. 

Currant,  ibid. 

Grass,  ibid. 

Clover,  ibid. 

Orange  tree,  ibid. 

Lemon,  ibid. 

Maple,  ibid. 

*Tbo8e  tneeeeded  by  a  star  were  kiodiy  furniahed  by  Mr.  Kotinsky,  thronch  Dr.  Howard. 
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Melia,  Comstook,  2d  Rept.  Corn.  Uniy.  Ezp.  Sta.,  1883,  p.  13. 

Oleander,  ibid. 

Plam,  ibid. 

Yucca,  ibid. 

Coproama  lucida,  Maskell,  Boa.  Ins.  N.  Z.,  p.  45. 

Corynocarpua  lœvigatœ,  ibid. 

Orchids,  Gardners'  Chronicle,  May  6, 1893,  p.  548. 

New  Zealand  flaz,  Phormium  tenax,  Comst.,  2d  Corn.  Rept.,  p.  140. 

Holly,  Comst.,  ibid. 

Bozwood,  Comst,  2d  Corn.  Rept.,  p.  139. 

Oleander  (Ckll.),  GUlette,  Colo.  Agr.  Col.  Ex.  Sta.,  Bull.  No.  31,  Teoh.  Ser.,  No.  1, 

p.  128. 
Orange  (Ckll.),  Gillette,  ibid. 
Lemon  (Ckll.),  Gillette,  ibid. 
Fracaena  (Ckll.),  Gillette,  ibid. 

Oli^e,  Olea  europea,  Ckll.,  Jour.  Trin.  Nat.  Fld.  Club,  vol.  II,  No.  12,  p.  307. 
Magnolia  grandi flora^  ibid. 
Rose,  Townsend,  Tech.  Ser.,  No.  4,  Div.  Ent.,  p.  11. 
Palo  dulce^  ibid. 

Lace  fem,  Johnson,  Di7.  Ent.,  n.  ser..  No.  6,  pp.  75-78  (1896). 
Sweet  lime  (fruit),  Cockerell,  Ann.  Mag.  Nat.  Hist,  p.  167,  Feb.  1899. 
Pinus  (lea^es),  ibid. 

Ivy,  Hedera  hélix,  Saocardo,  Rivista  Pat.Veg.,  IV,  p.  50, 1895  (l895-'96). 
Nerium  oleander,  ibid,  p.  49. 

"Trueno,"  Cockerell,  Biol.  Cent.  Amer.,  II,  part  2,  p.  20,  Dec.  1899. 
Pakns,  King,  Can.  Ent.,  XXXI,  p.  225,  Aug.  1899. 
Cycost  ibid. 
Heather,  Erica,  ibid. 

Cycaa  revoluti,  Osbom,  Proo.  lowa  Acad.  Soi.,  V,  p.  230, 1897  (1898). 
Arica,  Cockerell,  Jour.  Inst.  Jamaica,  I,  p.  255,  No.  55,  Apr.  1893. 
Tea,  Green,  Indian  Mus.  Notes,  IV,  No.  1,  p.  4,  1896  (reprint,  p.  3). 
LoranthuB,  ibid. 
Dalhergia,  ibid. 

Aristea  major,  Indian  Ent.  Mo.  Mag.,  XXXIII,  p.  69,  Mar.  1897. 
Aucuha,  Douglas,  Ent.  Mo.  Mag.,  XXIII,  pp.  151,  152,  Dec.  1896. 
Azalea,  ibid. 

Aspidiotiis  œsculi  Johns.,  subsp.  8olu8,  subsp.  no7.  Hun  ter. 
Jugions  nigra,  Hunter,  K.  U.  Quart.,  VIII,  No.  1,  p.  12. 

MytUaspis  po'inoruin  Bouche. 

Apple,  Comst.,  2d  Com.  Univ.  Rept.,  p.  139. 

Basswood,  Ckll.,  Proc.  Nat.  M.,  XI,  p.  730. 

Bladder-nut,  Siaphylea  (Comst.),  ibid.,  p.  736. 

Broom,  Cytiaua  scopariua,  Ent.  Mo.  Mag.,  p.  138,  1893. 

Cultiyated  locust,  Rohinia  pseudacacia,  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  738. 

Hawthorn,  Cratœgus  oxycantha,  ibid.,  p.  744. 

Wild  gooseberry,  JRibea  cynoabati,  Country  Gentleman,  p.  27,  Jan.  16,  1895. 

Cornus  californicus  (Haryey),  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  735. 

Pear,  Maskell,  Scale  Inseots  of  N.  Z.,  p.  52  (1887). 

Plum,  ibid. 

Peaoh,  ibid. 
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Aprioot,  Msskell,  Scale  InaeotB  of  N.  Z.,  p.  62  (  1887  ). 

Lilao,  ibid. 

Thom,  ibid. 

Sycamore,  ibid. 

Cottoneaster,  ibid. 

Foliis  variegaius  (Harvey),  OklL,  Proo.  Nat.  M.,  XIX,  p.  752. 

Cornus  alba  (Harvey),  ibid. 

Fraxinus  americanus,  Country  Gentleman,  p.  27,  Jan.  10,  1895. 

Planera  (Comat.),  Ckll.,  Proo.  Nat.  M.,  XIX,  766. 

Yuoca,  Comst.,  2d  Corn.  Uniy.  Rept,  p.  140. 

Poplar,  Bull.  N.  Y.  Mus.,  13th  Rept.  St.  Ent.  p.  374,  1897. 

Magnolia,  umbrella,  ibid. 

Privet,  Bull.  N.  Y.  Mus.,  V,  No.  23,  p.  261,  Dec.  1898. 

Quinoe,  Hunter,  K.  U.  Bull.  Dept.  Ent.,  p.  25,  1898. 

Hop-tree,  Hunter,  ibid. 

Buckthorn,  ibid. 

Raspberry,  ibid. 

Grape-Tinee,  Berlese  and  Leonardi,  Rivista  Pat.  Veg.,  III,  p.  347, 1895  (1894-*95).* 

Citrous  plants,  ibid.'*' 

Linden,  Comstock,  Rept.  U.  S.  D.  A.,  1880,  pp.  325,  326,  pi.  ziz,  fig.  2.* 

Amorpha  (an  ezotic),  ibid. 

Water  locust,  ibid. 

Raspberry,  ibid. 

Ribeê  alperum^  ibid. 

Lonicera  pulverulenta,  ibid. 

Planera  kaku,  ibid. 

Penn^ylvania  maple,  Hopkins,  Can.  Ent.,  XXVII,  p.  218,  1896.  * 

Cornus  califomicus,  Ckll.,  Can.  Ent.,  XXVII,  pp.  259,  260,  1895.* 

Vtbumum,  King,  Can.  Ent.,  XXXI,  p.  228,  Aug.  1899.* 

Spirœa  aruncus,  ibid. 

Cornus  alternifolia,  ibid. 

Ailanthus  glandulosus,  Maskell,  Ent.  Mo.  Mag.,  XXXIII,  p.  —,  Nov.  1897.* 

Stillingia  sebffera,  ibid. 

Common  broom,  Sarothamnus  scoparius,  Newstead,  Ent.  Mo.  Mag.,  XXIX, 

p.  138,  1893.* 
Cf/tisus  nubigenus,  ibid.* 

Coooa-palm  leaves,  Morgan,  Ent.  Mo.  Mag.,  XXV,  p.  350,  Aug.  1889.* 
Currant,  Hunter,  Bull.  Dept.  Ent.,  p.  25,  Jao.  1898. 
Horse-chestnut,  ibid. 
Maple,  ibid. 
Water  locust,  ibid. 
Honeysuckle,  ibid. 
Elm,  ibid. 
Hackberry,  ibid. 
Cottonwood,  ibid. 
Willow,  ibid. 

Wild  red  cherry,  Lochhead,  Ont.  Dept.  Agr.,  p.  41,  Mar.  1900. 
Grape,  ibid. 
Spirea,  ibid. 
Juneberry,  ibid. 
Birch,  ibid. 
Rose,  ibid. 
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Bittersweet,  Lochhead,  Ont.  Dept.  Agr.,  p.  41,  Mar.  1900. 

Walnut,  Smith,  N.  J.  Agr.  Ezp.  Sta.,  p.  UO. 

Butternut,  ibid. 

Sycamore  (Maskell),  Ckll.,  Proo.  Nat.  Mus.,  vol.  XIX,  p.  736. 

IHaspis  snowii  Hunter. 
Salix  nigra,  Hunter,  K.  U.  Quart,  VIII,  No.  1,  p.  15. 

Lecanium  (Maclurœ)  aurantiacuin  Hunter. 
Osage  orange,  Macluraaurantiaca,  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  68. 

Lecaniutn  canadense  Ckll. 

Ulmuê  racemoaa,  Ckll.,  Can.  Ent.,  p.  254,  1895. 

Ulmus  americana  (Glenn),  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  69. 

Lecaniutn  kansasense  Hunter. 

CeraiB  canadensis,  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  69. 
Juglana  nfgra,  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  70. 
Ulmus  fulva,  Hunter,  ibid. 

Lecaniuni  cockerelli,  nov.  sp.,  Hunter. 

Ulmus  americana^  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  70. 

Juglans-nigra^  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  71. 

Oak,  Quercus  sp.,  King,  Can.  Ent,  vol.  —,  p.  252. 

Sweet  fem,  Comptonia  asplenifoliat  ibid. 

Plum,  Hunter,  K.  U.  Quart,  vol.  IX,  Ser.  A,  No.  2,  p.  107,  Apr.  1900. 

Hiokory,  ibid. 

Populus  sp.,  King,  Psyché,  IX,  p.  117,  Oct.  1000. 

Wild  crab-apple  on  University  campus,  Hunter. 

Lecanitun  anneniacum  Craw. 

Plum,  Hunter,  K.  U.  Quart,  VIII,  No.  2.  p.  71. 

Grape-vine,  Country  Gentleman,  June.l6,  1898. 

English  gooseberry,  Felt,  Bull.  N.  Y.  Mus.,  VI,  No.  31,  p.  617. 

Aprioot,  Webster,  Can.  Ent,  XXX,  No.  IV,  1898. 

Prune,  ibid. 

Cherry,  ibid. 

Pear,  ibid. 

Peach,  Cockerell,  Jour.  N.  Y.  Ent  Soc.,  VII,  p.  257,  Dec.  1899.* 

LfCcaniuni  heapeHduni  Linnaeus. 

Pittoaporum  (Coq.),  Ckll.,  Proc.  Nat  M.,  XIX,  p.  727. 

Tea  plant,  Camellia,  ibid«,  p.  728. 

Abutilon,  Gillette  and  Baker,  ibid.,  p.  729. 

Citrus  tree,  Comst,  2d  Corn.  Univ.  Rept.,  p.  139. 

Holly,  Ckll.,  Proc.  Nat  M.,  XIX,  p.  733. 

Grape-vine,  Coq.,  Bull.  26,  Div.  Ent  U.  S.  Dept  Agr.,  p.  26. 

Jihus  integrifolia  (Coq.),  Ckll.,  Proc.  Nat  M.,  XIX,  p.  736. 

Schinus  molle^  ibid.,  p.  737. 

Cultivated  locust,  Bobinia  pseudacacia,  ibid.,  p.  738. 

Apricot,  Coq.,  Bull.  26,  Div.  Ent.  U.  S.  Dept  Agr.,  p.  26. 

Rose,  ibid. 
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Loquat,  Coq.,  Bull.  26,  Div.  En!;.  U.  S.  Dept.  Agr.,  p.  26. 

Ash,  ibid. 

Box,  Buzus  aempervirenêt  Maskell,  Sca.  Ins.  N.  Z.,  p.  111. 

Willow,  Coq.,  Bull.  26,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  26. 

Lombardy  poplar,  ibid. 

Orchid,  Dendrobium,  Ckll.,  Trane.  Amer.  Ent.  Soc.  1883,  p.  iO. 

HippecLstrum  équestre,  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  777. 

Palm,  Ckll.,  Ins.  Life,  VI,  p.  103. 

Calla  lily.  Coq.,  Bull.  26,  Dît.  Ent.  U.  S.  Dept.  Agr.,  p.  26. 

English  ivy,  Hedera  hélix,  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  75. 

Oleander,  Comst,  2d  Corn.  Univ.  Rept.,  p.  140. 

Rubber  tree,  Ficua  macrophylla,  Coq.,  Bull.  26,  U.  S.  Dept.  Agr.,  Div.  Ent., 

p.  26. 
Euonymus,  ibid. 
Ma  pie,  Acer  dasycarpum,  ibid. 
Rhamus  crocea,  ibid. 
Heteromeleë  arbutifolia,  ibid. 
Fig,  ibid. 

House  fem,  N.  Y.  Mua.,  13th  Rept.,  p.  374,  1897. 
English  laurel,  Felt,  Bull.  N.  Y.  Mus.,  V,  No.  23,  p.  200. 

Aralia,  Gillette  and  Baker,  Colo.  Agr.  Exp.  Sta.,  Bull.  31,  Tech.  Ser.,  No.  1,  p.  127. 
Ficus  elastica,  ibid. 
Bhynchospermum  jasimoides,  ibid. 
Veronica  hendersonii,  GïWetteAud  Baker,  Colo.  Àgr.  Exp.  Sta.,  Bull.  31,  Tech. 

Ser.,  No.  1,  p.  127. 
"Fitolaca,"  Townsend,  Bull.  4,  Tech.  Ser.,  Div.  Ent.  U.  S.  D.  A.,  pp.  11  and  13, 

1896* 
Guava,  ibid.* 

Maitenus  boaria,  Cockerell,  Act.  Soc.  Sci.  Chili,  V,  p.  XXIV,  1895.* 
Areca  catechu,  Ckll.,  Inseot  Life,  V,  p.  159,  1893.* 
Pepper  tree,  Riley  and  Howard,  Insect  Life,  IV,  p.  294,  1892.* 
Bertolonia  marchanti,  Green,  Ent.  Mo.  Mag.,  XXXIII,  p.  71,  Mar.  1897.* 
Lucuma  multiflora,  Green,  ibid.* 
Dalbergia  lanceolaria,  ibid.* 
Hedera  amurensis,  ibid.* 
Carica  papaia,  Maskell,  Ent.  Mo.  Mag.,  XXXIII,  p.  243,  Nov.  1897.* 

»«Ohia," ,  ibid.* 

Ij€caniutn  coffeœ  Walker. 

Sword  fem,  Pteris,  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  75. 

Tea  plant,  Camellia,  Cotes,  Ind.  Mus.  Notes,  1895. 

Coffee,  Coffeœ  sp.,  Ckll.,  Bull.  Bot.  Dept.  Jamaica,  p.  71,  1894. 

Orange,  King,  Can.  Ent.,  p.  140,  vol.  — . 

DiospyroSt  ibid. 

Oleander,  ibid. 

Chrysophyllum,  ibid. 

Sago  palm,  ibid. 

Croton  variegatum,  ibid. 

CyccLs  revoluta,  Ckll.  and  Parrott,  Industrialist,  May,  1899,  p.  276.* 

Pëidium,  Hempel,  Riv.  Mus.  Paulista,  IV,  p.  426,  1900* 

Oardenia,  Atkinson,  Jour.  Asiat.  Soc.  Bengal,  LV,  pt.  II,  No.  3,  pp.  282-284, 

1886.* 
Gardénia  florida,  Maskell,  Ent.  Mo.  Mag.,  XXXIII,  p.  243,  Nov.  1897.* 
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Lecanium  oleœ  Bernard. 

Gamellia,  Camellia  japonica,  CklL,  Proc.  Nat.  M.,  XIX,  p.  528. 

"BraohsetoD,"  meaning  perhaps  Brachychiton,  ibid.,  p.  730. 

Lignum-vitœ,  Ouaiacum  offlcinaUt  ibid.,  p.  731. 

HoUy  (Coq.),  Ckll.,  ibid.,  p.  733. 

Euonymus  sp.  (Coq.),  Ckll.,  ibid.,  p.  734. 

Grape-yice,  Vitiê  inconatans,  Ins.  Life,  1893,  p.  160. 

Sycamore  (Coq.),  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  736. 

Schinus  moHe,  in  Mexico  (Coq.),  ibid.,  p.  737. 

Apricot,  Comst.,  2d  Corn.  Univ.  Rept.,  p.  140. 

Rose,  ibid. 

Guava  (Coq.),  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  748. 

Pomegranate,  Punt'ca  granatum,  Ckll.,  ibid.,  p.  750. 

Cape  jessamine.  Gardénia  j a ainoides  (Comst.),  Ckll.,  ibid.,  p.  752. 

Artemiêia  californica  (Coq.),  Ckll.,  ibid.,  p.  754. 

Ash,  Coq.,  Bull.  26,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  28. 

LinguBtrum  lucidum,  Coq.,  Bull.  26,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  28. 

Red  pepper,  ibid. 

Phoradendron  flaveacens  (Johns.),  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  764. 

In  Calif.  Enfagua  ap..  Coq.,  Bull.  26,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  28. 

Cycas  revolutOj  Coq.,  ibid.,  p.  29. 

Hippeaatrum  equetttre,  in  Mexico,  Ckll.,  Ins.  Life,  V,  p.  245. 

Palm,  Comst.,  2d  Corn.  Univ.  Rept,  p.  140. 

Oleander,  Nerium  oleander^  Coq.,  Bull.  26,  Div.  Ent.  U.  B.  Dept.  Agr. 

Photinia  or  Heteromelea  arbutifolia,  ibid,  p.  28. 

CitruB,  Comst,  2d  Corn.  Univ.  Rept,  p.  140. 

Olive,  ibid. 

Live  oak,  Bull.  Bot.  Dept.  Jamaica,  p.  12, 1894. 

Peas,  ibid. 

Plum,  Ckll.,  Bull.  Bot.  Dept.  Jamaica,  p.  12, 1894. 

Bittersweet,  ibid. 

Apple,  ibid. 

Eucalyptua  sp.,  ibid. 

Almond,  ibid.,  p.  72. 

Acer  daaycarpum,  ibid. 

A  rtemiaia  californica^  ibid. 

Abutilon,  ibid. 

Rhua  integri/olia  (Coq.),  ibid. 

Baccharia  virminaliaf  ibid. 

Ficua  ntacrophylla^  ibid. 

Habrothamuua  elegana,  ibid. 

Irish  Juniper,  ibid. 

Myoaporum,  ibid. 

Melalenca  purpurea,  ibid. 

English  laurel,  ibid. 

Beech,  ibid. 

Rhannua  crocea,  ibid. 

Orevillea  rohuata^  ibid. 

Liguatrum  japonicum,  ibid. 

Indian  cedar,  ibid. 

Cedar  of  Lebanon,  ibid. 

Castor-bean,  ibid. 
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Sonehiis  oleracens,  CklL,  Bull.  Bot.  Dept.  Jamaica,  p.  12,  1894. 

Abatilon,  Coq.,  Bail.  26,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  29. 

Naphitum  litschii,  Osborn,  Proc.  lowa  Acad.  Sci.,  p.  226,  1897. 

Lombardy  poplar,  Coq.,  Bull.  26,  Diy.  Ent.  U.  S.  Dept.  Agr.,  p.  28. 

Pepper  tree,  ibid. 

Solanum  jasimoideê,  Gillette  and  Baker,  Bull.  31,  Colo.  Exp.  8ta.,  p.  127,  Bftay, 

1896.* 
Platycerium  alcicome,  ibid.* 
Eriodendron^  CklL,  Appdz.  Bull.  Mise.  Information  (Trinidad),  II,  pp.  3 and  4, 

No.  23,  Apr.  1896.* 
Fem,  CklL,  Amer.  Nat,  XXIX,  p.  727,  Aug.  1895.* 
Caëêinia  ceptophylla,  Maskell,  XVII,  p.  28,  1884  (1885).* 
Calabassa  tree,  Bueck.,  Bull.  22,  n.  s.,  Div.  Ent.  U.  S.  D.  A.,  p.  92, 1900.* 
Honey-locttst,  ibid.* 
Ouazuma  lUmi/olia,  ibid.* 
Terminalia  catappa^  ibid.* 
Meyenia  alba,  CklL,  Inseot  Life,  V,  p.  160,  1893.* 

Mango ,  ibid.* 

Yucca,  CklL,  Can.  Ent.,  XXVII,  p.  257,  Sept.  1895.* 

Deciduous  magnolia,  Craw.,  Bull.  4»  Tech.  Ser.,  Div.  Ent.  U.  S.  D.  A.,  p.  40.,  ft.- 

note,  Apr.  1896.* 
Pelargonium,  Townsend,  Bull.  4,  Tech.  Ser.,  Div.  Ent.  U.  S.  D.  A.,  pp.  11  and 

13, 1896.* 
'*Marguerita,"  ibid.* 
Catalpa,  ibid.* 

Croton  eluteria,  Green,  Ent.  Mo.  Mag.,  XXXIII,  p.  72,  fig.  2,  Mar.  1897.* 
Brexia,  ibid.* 
Avicennia  nitida,  ibid.* 
Elœodendron  orientale,  ibid.* 
Carisaa  apinarum,  ibid.* 
Catesbœa  spinoea,  ibid.* 
Aralia  elegantiaaima,  ibid.* 
Macrozamia  frazeri,  ibid.* 

Lecaniodiaspis  (?)  parrotti  Hunter. 
jEaculua  glabra,  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  76. 

Lecaniodiaspis  celtidis  CklL,  subsp.  pruinosus  Hunter. 
rimva  americana  Hunter,  K.  U.  Quart.,  VIII,  No.  2,  p.  77. 

Chionaspis  ortholobis  Comst. 

Willow,  Salix  ap.,  Comst.,  2d  Corn.  Univ.  Rept,  p.  140. 
Cottonwood,  Populua  sp.,  Hunter,  K.  U.  Quart.,  IX,  No.  2,  p.  101. 
Fopulua  grandidentata  King,  Psyché,  IX,  p.  117,  Oct.  1900. 

Chimiaspis  salicis-nigrœ  Walsh. 

Ash,  Comst,  2d  Corn.  Univ.  Rept.,  p.  L^. 

Poplar  (Osborn),  Cooley,  Spec.  Bull.  Mass.  Agr.  Coll.,  p.  21,  Aug.  1899. 

Willow,  Cooley,  Spec.  Bull.  Mass.  Agr.  Col.,  p.  21,  Aug.  1899. 

Cottonwood,  ibid. 

Salix  alba,  ibid. 

Salix  alba,  var.  came l lia,  ibid. 
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Salt'x  nigra^  Cooley,  Spec.  Bail.  Mass.  Agr.  Col.,  p.  21,  Aug.  1899. 

Cornus  puhescensj  ibid. 

Cornus  aaperlfolia,  ibid. 

Balm  of  Gilead,  ibid. 

RuBsian  poplar,  ibid. 

Liriodendron  tulipifera^  ibid. 

Cornus  siolonifera^  ibid. 

Cornus  sericea^  ibid. 

Ceanothus,  ibid. 

Amelanchier  canadensia^  ibid. 

Chiotuispis  aniericana  Johns. 
Uitnus  americana  (Johns.),  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  765. 

Chionaspis  platani  Cooley. 
Sycamore  (Parrott),  Cooley,  Speo.  Bull.  Hatoh  Ezp.  Sta.,  Aug.  1899,  p.  36. 

Chionaspis  pinifoliœ  Fitch. 

Fine,  Cornet,  2d  Corn.  Rept.,  p.  140, 1880. 

Fini  and  spruoes,  Gillette  and  Baker,  Hemiptera  of  Colorado,  p.  129. 

Pinus  strobus,  Cooley,  Bpec.  Bull.  Hatch  Ezp.  Sta.,  Aug.  1899,  p.  33. 

Pinus  resinosa^  ibid. 

Pinus  excelsa^  ibid. 

Pinus,mitiSi  ibid. 

Pinus  cembra,  ibid. 

Pinus  pyrenaica^  ibid. 

Pinus  lariciSf  ibid. 

Pinus  sylvestris,  ibid. 

Pinus  austriaca^  ibid. 

Pinus  puniliOj  ibid. 

Pseudoisuga  taxifolia^  ibid. 

Abies  excelsot  ibid. 

Abies  nigra,  ibid. 

Abies  alba,  ibid. 

Pulvinaria  innumeiHibilin  Rathv. 

Tilia  sp.,  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  730. 

Euonymus  (Riley),  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  734. 

Vitis  inconstans,  also  on  wildgrape,  Ckll.,  Proc.  Nat.  M.,  XIX,  p.  735. 

Sycamore  (Riley),  Ckll.,  ibid.,  p.  736. 

Posa  sp.,  Riley,  Rept.  Dept.  Agr.,  1881. 

Garden  currants,  Eibes  rubrum  and  nigrum,  Riley,  Rept.  Dept.  Agr.,  1884. 

Fraxinus  nigra  (Sambricifolia),  Mundt,  Can.  Ent,  1884,  p.  240. 

Poplars,  Populus  bahamifera,  ibid. 

Mulberry,  Morus  rubra^  ibid. 

Oak,  Quercus  sp.,  Riley,  Rept.  Dept.  Agr.,  1884. 

White  elm,  Ulmus  americana  Hunier,  Q.  U.  Quart.,  IX,  No.  12,  p.  104. 

Black  walnut,  Juglans  nigra,  ibid. 

Maple.  ibid. 

Silver  maple,  Putnam,  DaT.  Acad.  Nat.  Soi.,  p.  294. 

Beech,  ibid. 

Sugar  maple,  ibid. 

Boz-elder,  ibid.*,  p.  338. 
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Locust,  Putnam,  Day.  Acad.  Nat.  Sci.,  p.  338. 

Sumac,  ibid. 

Soft  maple,  Fitoh,  Trans.  N.  Y.  St.  Agr.  Soc.  1859,  XIX,  pp.  775,  776. 

jEacultu  flava^  KiDg,  Psyohe,  p.  154,  Jan.  1901. 

Virginia  oreeper,  ibid. 

Tilia  europœa,  Mann,  Psyché,  IV,  p.  22i,  1881. 

Robinia  pseudacac>a^  ibid. 

Vitis  labruaca,  ibid. 

lihua  glabra^  ibid. 

Vitis  riparia,  ibid. 

Fagus,  ibid. 

Salix,  ibid. 

Maclura,  ibid. 

Quercus,  ibid. 

Ulmua,  ibid. 

PlatanuSf  ibid. 

Ribes^  ibid. 

EuonymuSt  ibid. 

CeltiOy  ibid. 

Morus  rubra,  Howard,  Bull.  22,  n.  s.,  Div.  Eut.  U.  S.  Dept.  Agr.,  p.  8,  1900. 

Aralia  japonica,  ibid. 

Vtburnum  dentatum^  King,  Psyché,  IX,  p.  117,  Oct.  1900. 

Strawberry,  Forbes,  13th  Ann.  Rept  Insects  111.,  p.  98,  1883  (1881). 

Btilvinaria  pruni  Hunter. 

Plum,  Hunter,  K.  U.  Quart.,  IX,  No.  2,  p.  105. 

Barlatoria  pei^gandii  Comst. 

Orange,  Citrua  sp.,  Comst,  2d  Corn.  Univ.  Rept,  p.  140j 

Tangerine,  Felt,  Bull.  N.  Y.  St  M.,  VI,  No.  31,  p.  618. 

Date  palm,  King,  Can.  Ent.,  p.  228. 

Variegated  icroton,  Ckll.,  Jour.  Inst  Jamaica,  I,  p.  55,  Feb.  1892.'*' 

Chionaspis  furfura  Fiteh. 

Apple,  Gooley,  Hatoh  Ezp.  Sta.  Mass.  Agr.  Col.,  Sp.  Bull.,  p.  28,  1899. 

Cherry,  ibid. 

Currant,  ibid. 

Japan  quince,  ibid. 

Crab-apple,  ibid. 

Mountain  ash,  ibid. 

European  mountain  ash,  ibid. 

Black  walnut,  ibid. 

Black-cap  raspberry  (Osborn),  ibid. 

Rhamnus  catharticua  (King),  ibid. 

Clethra  alnifolia  (King),  ibid. 

Pyrus  arbuHfolia  (Kirkland),  ibid. 

Pyrus  nigra  (Kirkland),  ibid. 

Pyrus  hetrophylla  (Kirkland),  ibid. 

Pyrus  aalicifolia pendula  (Kirkland),  ibid. 

Pyrua  floribunda  (Kirkland),  ibid. 

Pyrus  apectabilia  (Kirkland),  ibid. 

Pyrua  pinnaiofilia  (Kirkland),  ibid. 

Ribea  aanguinem  (Morgan),  ibid. 
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Choke  cherry,  Prunus  vlrginiana  (Howard),  Kiog,  Psyohe,  vol.  VIII,  1889, 

p.  335. 
Black  cherry.  Prunus  serrcUina,  ibid. 
Wild  red  cherry,  Prunus  pennsylvaniea,  ibid. 
Pear,  Pyrus  communis,  ibid. 
Péach,  Persica  vulgaris^  ibid. 
Cherry  currant,  Eihes  sp.,  ibid. 
Red  flowering  currant,  Rihes  sanguinem^  ibid. 
Earopean  mountain  ash,  Larbus  anicuparia^  ibid. 
Flowering  quince,  King,  ibid. 
Shadbush,  Amelanchier  canadensis. 
Black  aider,  Cleihra  alni/oUa,  ibid. 

Amelanchier  canadensis,  King,  Pdyche,  IX,  pp.  117,  118,  Oct.  1900. 
Populus  grandidentata,  ibid. 

Mytalaspis  citricola  Packard. 

Gitras  trees,  Ckll.,  Proc.  Nat.  Mus.,  vol.  XIX,  p.  732. 

Banksia  intègre folia  (Maskell),  Ckll.,  ibid.,  763. 

Eroton  (Maskell),  Ckll.,  ibid.,  p.  765. 

Toddalia  aculeata,  Oreen,  Cocoidœ  of  Ceylon,  part  I,  pp.  78-80,  pi.  XX,  1896. 

Myrraya,  Cockerell,  Insect  Life,  p.  160,  1893*. 

Cocculus  indicuSf  Green,  Indian  Mus.  Notes,  IV,  No.  1,  p.  4, 1896  (  repriot,  p.  3).* 

Tangerine,  Riley  and  Howard,  Insect  Life,  VI,  p.  51, 1893.  * 

Taxus  cuspidata,  Mask.,  Ent.  Mo.  Mag.,  XXXIII,  p.  241,  Not.  1897.  * 

Q^ercus,  ibid.* 

Keinnes  jjubescena  Bogue. 

Scrub  oak,  Bogue,  Can.  Ent.,  vol.  30,  p.  172. 

White  oak,  King,  Quercus  sp.,  Can.  Ent.,  vol.  30,  p.  139. 

Kertnes  nivalis  King  and  Ckll. 
Quercus  alba,  King,  Can.  Ent.,  vol.  30,  p.  139. 

OrtheHa  graminis  Tinsley. 

Culms  and  blades  of  grass,  Tinsley,  Can.  Ent.  vol.  30,  p.  13,  1808. 
Qoldenrod,  Solidago  sp.,  Hunter,  K.  U.  Quart.,  vol.  X,  A,  p.  107.* 

O.—BiblKography. 
Aspidiotus  forbesi, 

Aspldiotus  forbesi  Johnson,  Ent.  News,  7,  No.  5,  pp.  150-152,  (1896). 
do  Johnson,  111.  Lab.  Nat.  Hist.,  vol.  4,  p.  380,  (1896) . 

do  Johnson,  Dept.  Agr.,  Div.  Ent.,  Bul.  6,  n.  ser.,  pp.  75-78, 

.  (1896). 
do  Forbee,  20th  Ann.  Rept.  Insects  III.,  pp.  15,  16, 1895,  (1896). 

do  Cockerell,  Dept.  Agr.,  Div.  Ent.,  Tech.  Ser.,  No.  6,  p.  21, 

1897. 
do  Johnson,  Dept.  Agr.,  Div.  Ent.,  n.  s.,  Bul.  No.  9,  pp.  83-85, 

(1897). 
do  Loonardl,  Rivistadi  Patologia  Végétale,  p.  49,  (1897-1900). 

do  Parrott,  Trans.  Ks.  St.  Hort.  Soc.,  vol.  23,  pp.  108, 109,  (  1896 ). 

do  Hunter,  Bull.  Dept.  Ent,  p.  24,  (1898). 

do  Popenoe,  Trans.  Ks.  St.  Hort.  Soc.,  vol.  23,  pp.  40-46,  (1898). 
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Aspidiottts  forbeêi  Leooardi,  Annali  di  Agr.,  p.  110,  (1898). 

do  HopkiDS,  Dept.  Agr.,  Diy.  Ent.,  Bull.  17,  d.  b.,  pp.  144-U9, 

(1898). 
do  Johnson,  Can.  Ent.,  p.  82,  (Apr.  1898). 

do  Cooley,  Dept.  Agr.,  Ent.  Bull.  17,  n.  s.,  pp.  61-66,  (1898). 

do  Brick,    8ta.   fur    Pflanzenschutz    zu    Hamburg,  1,  p.  34, 

(1898-'99). 
do  Reh,  8ta.  fur  Pflanzenschutz  zu  Hamburg,  1,  p.  19,  (  1898-^99). 

do  CockerelJ,  Jour.   N.  Y.  Ent.  Soc.,  vol.  VII,  p.  258,  (Dec. 

1899).* 
do  Newell,  Cont.  from  Ent.  Dept.  lowa  Agr.  Col.,  No.  3,  p.  14, 

(1899). 
do  Reh,  Mitth.  Naturhist.  Mus.  Hamburg,  vol.  XVI,  pp.  125- 

141,  Mar.  1899. 
do  Hunter,  K.  U.  Quart,  vol.  8,  No.  1,  p.  3,  ( Jan.  1899). 

do  King,  Can.  Ent.,  vol.  XXXI,  p.  226,  (1899). 

do  Lochhead,  Ont.  Dept.  Agr.,  p.  35,  (  Mar.  1900). 

do  Newell,  lowa  Sta.,  Bull.  43,  pp.  145-176,  (  1900). 

do  Frank  &  Kruger,  Schildlausbuoh,  pp.  74, 75,  flg.  37,  (1900).* 

do  Reh,  Zeitschrift  fur  Entom.,  vol.  V,  pp.  161, 162,  June,  1900.* 

Aspidiotus  ancyclus. 

Aspidiofuê  ancyclua  Fitoh,t  Ann.  Rept.  N.  Y.  St.  Agr.  Soc,  vol.  XVI,  p.  426, 

(1856). 
Diaspia  ancycluê  Putnam,  Tr.  lowa  St.  Hort.  Soc,  vol.  XII,  p.  321,  (1877). 
Aapidioius  ancyclua  Putnam,  Proc  Dav.  Acad.,  vol.  II,  p.  346  (1878). 

do  Comstock,  Rept.  Ent.  in  Rept.  Corn.  Agr.,  p.  292,  (1880). 

do  Comstock,  2d  Rept.  Corn.  Ezp.  Sta.,  p.  58,  (1888). 

do  Cockerell,  Ins.  Life,  vol.  VII,  p.  210,  (1894). 

do  Cockerell,  Can.  Ent.,  vol.  XXVI,  p.  191,  (1894).* 

do  Cockerell,  Bull.  2,  n.  s.,  U.  S.  Dept.  Agr.,  p.  94,  (1895). 

do  Cockerell,  Can.  Ent.,  vol.  XXVII,  pp.  16, 17,  (1895).* 

do  Lugger,  Minn.  Sta.,  Bull.  43,  pp.  99  et  seq,^  (1895). 

do  Gillette  and  Baker,  Colo.  Agr.  Col.  Ezp.  Sta.,  Bull.  No.  31, 

Tech.  Ser.,  No.  1,  p.  128,  (1895). 
do  Cockerell,  Garden  and  Forest,  vol.  VIII,  p.  513,  (1895).* 

do  Lowe  and  Sirrine,  N.  Y.  Sta.  Rept.,  pp.  525-535,  (1896). 

do  Webster,  Ind.  Hort.  Rept.,  p.  9,  (1896). 

do  Johnson,  Dept.  Agr.,  Div.  Ent.,  Bull.  6,  n.  s.,  pp.  75-78, 

(1896). 
do  Forbes,  20th  Ann.  Rept.  Insecte  111.,  pp.  15,  16,  (1896).* 

do  Hopkins,  Bull.  6,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  72, 

(1896). 
do  Cockerell,  Can.  Ent.,  vol.  XXVIII,  p.  226,  (1896).* 

do  Barrows  and  Pettit,  Mich.  Sta.,  Bull.  160,  pp.  334  et  aeq.^ 

(1897). 
do  Cockerell,  Dept.  Agr.,  Div.  Ent.,  Tech.  Ser.,  No.  6,  p.  20, 

(1897). 
do                  Leonardi,  Rivist.  Pat.  Veg.,  p.  42,  (1897). 
do                  Leonardi,  ibid,  pp.  216-218,  (1897). 
do  King,  Can.  Ent.,  vol. ,  p.  226,  ( ). 

tAs  A,  eircularis,  n.  sp.,  bat  according  to  C.  L.  Marlatt  MS.  is  A,  ancycluê. 
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Aepidioius  ancyclus  Johneon,  Can.  Ent,  vol.  XXX,  p.  82,  (1808). 

do  Cooley,  Dept.  Afi^r.,  Dît.  Ent.,  Bull.  17,  n.  s.,  pp.  61-^, 

(1898). 
do  Gillette,Colo.  Agr.Ck>l.Exp.Sta.,;Bull.  No. 38, p. 36, (1898). 

do  Parrott,  Trans.  Kan.  St.  Hort.  Soc.,  vol.  XXIII,  pp.  108- 

109,  (1889). 
do  Leonardi,  Annali  di  Agr.,  p.  108,  (  189R). 

do  Osborn,  Proo.  lowa  Acad.  Soi.,  vol.  V,  p.  229,  (  1898).'!' 

do  Cockerell,  Ann.  Mag.  Nat.  HUt.,  p.  323,  (1898).'*' 

do  Gk>ethe,  Berl.  Kgl.  Lehraustalt  Obst.  Wein.,  p.  19,  (  1898).* 

do  May,  Station  fur  Pflaozenschutz  zu  Hamburg,  vol.  I,  p.  5, 

(1898-'99). 
do  Beh,  ibid,  p.  19,  (  1898-'99  ). 

do  Brlok,  ibid,  p.  34,  (1898-*99). 

do  Fernald,  Ck>m.  Pa.  Dept.  Agr.,  Bull.  43,  p.  20.  (1899). 

do  Newell,  Cont.  from  Eut.  and  2iOol.  Dept.  lowa  St.  Agr. 

Col.No.  3,  p.  7,(1899). 
do  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  1,  p.  4,  f  1899). 

do  Troop,  Ind.  Sta.,  Bull.  78,  pp.  45-52,  (1899). 

do  Newell,  lowa  Sta.,  Bull.  43,  pp.  160-162,  (1899). 

do  Marlatt,  Can.  Ent.,  vol.  XXXI,  pp.  208-211,  (1899  ).* 

do  Reh,  IlluBtr.  Zeitsohr.  f.  Ent.,  vol.  IV,  p.  246,  (1899).'*' 

M itth.  Nat.  Hist.  Mus.  Hamb.,  vol.  XVI,  pp.  125-141, 

(1899).* 
do  May,  ibid.,  pp.  151-153,  (1899).* 

do  Reh,  Zeitschrift,  fur  Ent.,  vol.  V,  pp.  161, 162,  (1900).* 

do  Reprint  Jahrs.  Hamb.  Anst.,  vol.  XVII,  pp.  4  et  seq., 

(1900). 
do  Frank  and  Kruger,  Schildlausbuch,  pp.  72,  73,  (1900).* 

do  Lochhead,  Ont.  Dept.  Agr.,  p.  37,  (1900). 

do  Felt.,  Bull.  N.  Y.  Mus.,  vol.  VI,  No.  31,  p.  579,  (1900). 

do  Marlatt,  Ent.  News,  vol.  XI,  pp.  590-592,  (1900).* 

do  Soott,  Bull.  26,  n.  s.,  Div.  Ent.  Dept.  Agr.,  p.  50,  (1900). 

do  Reh,  Bull.  22,  n.  s.,  Div.  Ent.  Dept.  Agr.,  pp.  79-83,  (  1900). 

Aspidiotus  nvœ. 

Avpidiotus  uvœ  Comstock,  Rept.  Ent.  in  Rept.  Corn,  of  Agr.,  pp.  309, 310,  (  1880). 

do  Murtfeldt,  Ent.  Rept.  Dept.  Agr.,  pp.  135,  136,  (1888).* 

do  Cockerell,  Jour.  Inst.  Jamaioa,  p.  142,  (1892).* 

do  Cockerell,  Insect  Life,  vol.  IV,  p.  333,  (1892).* 

do  Cockerell,  Jour.  Inst.  Jamaica,  p.  255,  No.  52,  (1893);  Jour. 

Trinidad  Field  Nat.  Club,  1,  p.  312,  No.  88,  (  1894).* 

do  Howard.  Insect  Life,  vol.  VU,  p.  53,  (1894).* 

do  Riley,  Md.  Sta.  Rept.,  pp.  190, 191,  (1894). 

do  Cockerell,  Garden  and  Forest,  vol.  VIII,  p.  513,  (1896).* 

do  Webster,  Ind.  Hort.  Rept.,  p.  16,  (1896). 

do  Johnson,  Dept.  Agr.,  Div.  Ent.,  Bull.  VI,  n.  s.,  pp.  75-78,  (1896). 

do  Cockerell,  Dept.  Agr.,  Div.  Ent,  Tech.  Ser.,  No.  6,  p.  23,  (1897). 

do  Leonardi,  Rlvista  di  Patalogia  Végétale,  vol.  VI,  p.  44,  (  1897). 

do  Parrott,  Trans.  Kan.  Hort.  Soc.,  vol.  XXIII,  pp.  106-109,  (1898). 

do  Chambliss,  Tenn.  Sta.  Bull.,  vol.  X,  No.  4,  pp.  141-151,  (1898). 

do  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  1,  p.  4,  (1899). 
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Aapidiotua  uvœ  Newell,  Ck>nt.  from  Ent.  Dept.  lowa  Agr.  Coll.  No.  3,  p.  12,  (  1899). 
do  Scott,  Bull.  XXVI,  n.  8.,Diir.  EntU.  S.  Dept.  Agr.,  p.  50,(1900).* 

Aspidiotus  osbomU 

Aepidiotua  oêbomi  Newell,  Cont.  from  {^nt.  Dept.  lowa  St.  Agr.  Coll.,  No.  3,  p. 
5,  (1895). 
do  Oaborn,  Proo.  lowa  Aoad.  Sci.,  V,  p.  229,  (1897).* 

do  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  1,  p.  5,  (1899). 

do  Newell,  lowa  Sta.,  Bull.  43,  p.  165,  (  1899). 

do  Scott,  Bull.  26,  n.  s.,  Div.  Eut.  U.  S.  Dept.  Agr.,  p.  50, 

(1900).* 

Aspidiotus  ultnim 

Aspîdiotus  ulmi  Johnson,  111.  St.  Lab.  Nat.«  vol.  IV,  No.  13,  p.  388,  (1896). 

U.  S.  Dept.  Agr.,  Div.  Ent.,  Bull.  6,  n.  s.,  p.  75,  (1896. 
Ent.  News,  vol.  VII,  p.  152,  (1896).* 
do  Cockerell,  Bull.  VI,  Tech.  Ser.,  Div.  Ent.  U.  S.  Dept.  Agr.,  p. 

22;  (1897). 
Can.  Ent.  vol.  XXIX,  p.  266,  (1897). 
Bull.  m.  St.  Lab.  Nat.  Hist.,  vol.  V,  art.  VIII,  p. 
396,  No.  1026,(1899). 
do  Newell,  Cont.  from  Ent.  Dept.  lowa  Ag.  Col.  No.  3,  p.  28,  (1899). 

do  Hunter,  K.  U.  Quart,  vol.  VIII,  No.  1,  p.  6,  (1899). 

Aspidiotus  femaldi. 

AspidiotuB  fernaldi  albiventer,  Hunter,  K.  U.  Quart,  vol.  8,  No.  1,  p.  6,  (1899). 
do  cockerelU,  Parrott,  Can.  Ent,  vol.  31,  No,  1,  p.  10,  (1899). 

do  albivenier,  Newell,  Cont.  from  Ent.  Dept.  lowa  St.  Agr. 

Col.  No.  3,  p.  19,  (1899). 

Aspidiotus  obscums. 

Aêpidiotua  obêcurua  Comstock,  Rept  Ent  in  Rept  Com.  of  Agr.,  p.  303,  (1880). 
do  Forbes,  20th  Ann.  Rep.  Ins.  II!.,  pp.  15,  16,  (1895).* 

do  Cockerell,  Dept.  Agr.,  Div.  Ent.,  Tech.  Ser.,  No.  6,  pp.  9 

and  21,  (1897). 
do  Leonardi,  Rivista  Pat.  Veg.,  vol.  VII,  pp.  205-207,  (1898).* 

do  Hunter,  K.  U.  Quart,  vol.  VIII,  No.  1,  p.  7,  (  1899). 

do  Scott,  Bull.  XXVI,  n.  s.,  Div.  Ent  U.  S.  Dept  Agr.,  p. 

50,  (1900).* 

Aspidiottis  juglans^regiœ. 

A «pidiotua  juglons-rfgiœ  Comaiock,  Rept,  Ent.  in  Rept  Com.  Agr.,  p.  300, 

(1880).* 
do  Colvee,  Bull.  Soc.  Ent  Fr.,  ser.  6,  vol.  I,  p.  CLXV,* 

(1881).     (Describes  it'as  a  juglandis.) 
do  Comstock,  2d  Rept.  Corn.  U.  Ezp.  Sta. ,  p.  61,  (  1883). 

do  Howard,  U.  S.  Dept  Yearbook,  pp.  251-252,  254, 

264,265,  (1894). 
do  Rilej  and  Howard,  Ins.  Life,  vol.  VI,  p.  328,  (  1894  ).* 

Cao.  Ent,  vol.  26,  No.  2,  p.  36,  (1894). 

Can.  Eut,  vol.  26,  p.  131,  (1894). 
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AêpidiotiM  juglans-regiœ  Cockerell,  Proc.  U.  S.  Nat.  Mus.,  vol.  XVII,  pp.  61&- 

625,  (1895). 
Garden  and  Forest,  VIII,  p.  513, 25,  (1895).* 
Bull.  111.  St.  Lab.  Nat.  Hist.,  vol.  IV,  art.  XI, 
p.  333,  No.  551,  p.  334,  (1896).* 
do  Lintner,  Bull.  6,  n.  s.,  Dlv.  Eut.  U.  S.  Dept.  Agr.,  p. 

80,  (1896).* 
do  Johnson,  Dept.  Agr.,  Div.  Ent.,  Bull.  VI,  pp.  75-78, 

(1896). 
do  Cockerell,  Div.  Ent.  U.  S.  Dept.  Agr.,  Tech.  Ser., 

Bull.  VI,  pp.  18-21,  (1897). 
do  Sternes,  Ga.  Ste.,  Bull.  36,  p.  31,  (1897). 

do  Hillman,  Ney.  Sta.,  Bull.  .36. 

do  Osborn,  Proc.  lowa  Acad.  Sci.,  V,  p.  230,  (1897).* 

do  Leonardi,  Riv.  di  Pat.  Veg.,  vol.  VI,  p.  67,  (1897). 

Riv.  di  Pat.  Veg.,  vol.  VII,  40,  (1898).* 
do  Cockerell,  Bull.  St.  Lab.  Nat.  Hist,  vol.  V,  art.  VII, 

p.  396,  No.  589,  (1899).* 
Bull.  32,  Ariz.  Exp.  Sta.,  p.  282.  (1899).* 
do  Newell,  Cont.  from  Ent.  Dept.  lowa  St.  Agr.  Col. 

No.  8,  p.  19,  (1899). 
do  Femald,  Corn.  Pa.  Dept.  Agr.,  Bull.  No.  43,  p.  19, 

(1899).* 
do  Hunter,  K.  U.  Quart,  vol.  VIII,  No.  1,  p.  8,  (1890). 

do  Lochhead,  Ont.  Dept.  Agr.,  p.  38,  (1900). 

do  Scott,  Bull.  26,  n.  s.,  Dlv.  Ent.  U.  S.  Dept  Agr.,  p. 

50,(1900).* 
do  Morgan,  La.  Ste.,  Bull.  28,  2d  ser.,  pp.  282-1005, 

(18-).* 

Aspidiottiê  j^erniciosus. 

Aêpidiotu9  perniciosua  Comstock,  Rept.  Comr.  Agr.  1880,  pp.  304,  305,  (1880). 

do  Cooke,  Treatise  on  Ins.  In j .  to  Frt  and,Frt.  Trees,  (  1881  ). 

do  Riley,  Rept  U.  S.  Dept  Agr.,  Div.  Ent.,  p. 65,  (1881).* 

do  Chapin,  Rept  Comr.  Agr.,  pp  207,  206,  (1882). 

Ist  Rept  St.  Bd.  Hort.  Cal.,  pp.  65-68,(1882).* 
Reprint  Pacif.  Rur.  Press,  pp.  2-5,  (1882).* 

do  Cooke,  Rept  Comr.  Agr.,  pp.  65,  208,  (1882). 

Ins.  Inj.  to  Orchards,  pp.  60-63,  (1883). 

do  Chapin,  Rept.  Cal.  St.  Bd.  Hort,  p.  91,  (1883). 

Bull.  No.  2,  St  Bd.  Hort.,  (1884). 

do  Klee,  Rept  Qal.  St.  Bd.   Hort,  pp.  373-375,  1885-^, 

(1887);  ibid.,p.  404,  (1881). 

do  Klee,  Hatch,  Buck,  et  a/.,  discussion,  ibid.,  (1887). 

do  Boggs,  ibid.,  p.  12,  (1887). 

do  Rose,  Britten,  and  Milco,  ibid.,  pp.  40,  41,  (1887). 

do  Klee,  Rept  St.  Bd.  Hort.,  1887-'88,  p.  245,  (1888). 

do  Klee,  Treatise  on  Ins.  Inj.  to  Frt.  and  Frt  Trees  of 

Cal.,  pp.  10,11,(1888). 

do  Cooper,  Pacific  Rur.  Press,  pp.  146, 147,  (1889). 

do  Coquillett,  Weekly  Blade,  (  1890). 

do  Washbum,  Bull.  5,  Ore.  Agr.  Exp.  Sta.,  p.  23,  (1890). 
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Aepidiotus  perniciosua  LeloDg,  Rept.  Cal.  Sta.  Bd.  Hort.;1889,p.  170,  (1890).  ' 
do  Riley  and  Howard,  Insect  Life,  vol.  III,  p.  69,  (1890). 

do  Kercheval  and  Gray,  Insect  Life,  vol.  II,  p.  312,  (1889). 

do  Freeman,  Insect  Life,  vol.  III,  p.  68,  (1890). 

do  Riley,  Rept.  U.  S.  Dept.  Àgr.,  Div.  Ent.,  p.  262,  (1890).* 

do  Gregorson,  Insect  Life,  vol.  III,  p.  169,  (1890). 

do  Ck)Ilins,  Rept.  Cal.  St.  Bd.  Hort.,  1890,  (1890). 

do  Coquillett,  Bull.  23,  Div.  Ent.  Dept.  Agr.,  pp.  19-36, 

(1891). 
do  Allen,  Bull.  No.  2,  Ist  Bien.  Rept.  Ore.  St.  Bd.  Hort., 

1891,  pp.  43-46,  (1891). 
do  Riley  and  Howard,  Insect  Life,  vol.  III,  p.  426,  (1891). 

do  Insect  Life,  vol.  III,  p.  487,  (1891). 

do  Insect  Life,  vol.  IV,  p.  83,  (  1891  ). 

do  Lelong,  Rept.  St.  Bd.  Hort.  Cal.  for  1891,  (1892). 

do  Craw,  Rept.  Cal.  St.  Bd.  Hort.  for  1891,  (1892). 

do  Coquillett,  Rept.  on  Sca.  Ins.  of  Cal.,  (1891),  Bull.  26, 

Div.  Ent.,  pp.  21-25,  (1892). 
do  Craw,  Rept.  Cal.  St.  Bd.  Hort.  1891,  p.  285,  (1892). 

do  Riley,  Rept.  Ent.  for  1891,  p.  244,  (1892). 

do  Townsend  and  Tyler,  Bull.  7,  N.  M.  Agr.  Ezp.  Sta., 

pp.  6,  7,(1892). 
do  Olliff,  Agr.  Gazette,  N.  S.  Wales,  pp.  298,  299,  (1892) 

do  Riley  and  Howard,  Insect  Life,  vol.  V,  p.  53,  (1892). 

do  Riley,  Insect  Idfe,  vol.  V,  p.  127,  (1892). 

do  Koebele,  Albert,  Craw,  Rept.  Importation  Parasites  and 

Pred.  Ins.,  p.  15,  (1892). 
do  Coquillett,  Insect  Life,  vol.  V,  p.  251,  (1893). 

do  Riley  and  Howard,  Insect  Life,  vol.  V,  p.  280,  (1893). 

do  Cockerell,  Ann.  Mag.  Nat.  Hist.,  p.  406,  (1893).'*' 

do  Allen,  Bull.  No.  5,  2d  Rept.  Bien.  Rept.  Ore.  St.  Bd. 

Hort.,  pp.  67-69,  (1893). 
Bull.  No.  6,  2d  Bien.  Rept.  Ore.  St.  Bd.  Hort., 
pp.  83-86,  (1893). 
do  Cockerell,  Bull.  No.  10, N.  M.  Agr.  Ezp.  Sta.,  pp.  14-16, 

(1893). 

do  Koebele,  Insect  Life,  vol.  VI,  p.  26,  (1893). 

do  Spécial  Bull.  U.  S.  Dept.  Agr.,  p.  39,  (1893.) 

do  Ehrhorn,  Rept.  Cal.  St.  Bd.  Hort. ,  1893-'94,  p.  375,  (1894). 

do  Cockerell,  Can.  Ent.,  vol.  XXVI,  p.  32,  (1894). 

do  Smith,  Insect  Life,  vol.  VII,  pp.  185-186,  (1894).* 

Insect  Life,  vol.  V,  p.  312,  (1894).* 

do  Coquillett,  Insect  Life,  vol.  VI,  p.  253,  (1894). 

do  Schwarz,  Insect  Life,  vol.  VI,  p.  247,  (  1894  ).  \ 

do  Riley  and  Howard,  Insect  Life,  vol.  VI,  p.  207,  (1894). 

do  Howard,  Cire.  No.  3,  2d  ser.,  Div.  Ent.,  10  pp.,  (1894). 

do  Lawson,  Chronicle  (Halifax,  N.  S.)»  (1894). 

do  Lelong,  Pacific  Rural  Press,  (1894). 

do  Riley  and  Howard,  Insect  Life,  vol.  VI,  p.  286,  (1894). 

do  Coquillett,  Insect  Life,  vol.  VI,  p.  324,  (1894). 

do  Smith,  Ent.  News,  vol.  VII,  pp.  182-184,  (1894). 

Garden  and  Forest,  vol.  VII,  p.  344,  (1894). 
•-K.U.Qr.    A-x8  *^  *^         ^ 
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Aapidiotua  pemiciosus  Riley,  Rept.  Ent.  for  1893,  (189i). 

do  Rilej  and  Howard,  Insect  Life,  vol.  VI,  p.  360,  (1894). 

do  Riley,  Proc.  Amer.  Adv.  Soi.,  vol.  XLIII,  p.  229,  (1894). 

do  Howard,  Insect  Life,  vol.  VII,  p.  153,  (1894). 

do  Smith,  Insect  Life,  vol.  VII,  p.  163,  (1894). 

do  Aldrich,  Insect  Life,  vol.  VII,  p.  201,  (1894). 

do  Cockereli,  Insect  Life,  vol.  VII,  p.  207,  (1894). 

do  Sirrine,  Oarden  and  Forest,  vol.  VII,  p.  449,  (1894). 

do  Smith,  Bull.  106,  N.  J.  Ezp.  Sta.,  p.  24,  (1894). 

do  Lintner,  Albany  Eve.  Jour.,  (1894). 

do  Howard,  Can.  Ent.,  vol.  XXVI,  p.  353,  (1894). 

do  Lintner,  Rural  New  Yorker,  vol.  LUI,  p.  791,  (1894). 

do  Thorne  and  Webster,  Ohio  Ezp.  Sta.,  Emerg.  Poeter 

Supp.  Bull.,  p.  56,  (1894). 
do  Fletcher,  Evidence  before  Corn,  on  Agr.,  p.  19,  (1894); 

25th  An.  Rept.  Ent.  Soc.  Ontario,  pp.  73-76,  (1894). 
do  Smith,  Rept.  Ent.  Dept.  N.  J.  Agr.  Col.  Exp.  Sta.  for 

1894,  (1895). 
do  Webster,  Bull.  56,  Ohio  Ezp.  Sta.,  for  1894  (1896). 

do  Weed,  Bull.  No.  23,  N.  H.  Agr.  Ezp.  Sta.,  (1894). 

do  Smith,  Ent.  News,  p.  312,  (1894). 

do  Webster,  Proc.  Columbus,  Ohio,  Hort.  Soc.,  pp.  168-169, 

(1894). 
do  Riley,  Rept.  Va.  Sta.  Bd.  Hort.  Soc.,  pp.  172-178,  (1894). 

do  Rolfs,  Proc.  7th  Ann.  Meet.  Fia.  Hort.  Soc.,  pp.  94-99, 

(1894). 
do  Howard,  Year-book  U.  S.  Dept.  Agr.  for  1894,  pp.  249- 

276,  (1895). 
do  Fletcher,  Rept.  Ezptl.  Farms  Canada  for  1894,  pp.  183- 

226,  (1895). 
do  Webster,  Ohio  Farmer,  p.  157,  (  1895). 

do  Boaz,  So.  Planter,  p.  119,  (1895). 

do  Sirrine,  Bull.  No.  87,  N.  Y.  Sta.  Agr.  Ezp.  Sta.,  (1895). 

do  Webster,  Entomology,  (1895). 

do  Howard,  Proc.  Ent.  Soc.  Wa9h.,vol.  III,  pp.  219-226 

(1895). 
do  Sturgis  and  Britton,  Bull.  No.  121,  Conn.  Agr.  Ezp.  Sta., 

pp.  6-14,  (1895). 
do  Sturgis,  19th  Ann.  Rept.  Conn.  Agr.  Ezp.  Sta.,  for  1895, 

(1896). 
do  Washburo,  Bull.  No.  38,  Ore.  Agr.  Ezp.  Sta.,  pp.  7,  8, 

(1895  . 
do  Webster,  Ohio  Farmer,  p.  .315,  (1895). 

do  McCarthy,  Bull.  No.  120,  N.  C.  Agr.  Ezp.  Sta.,  (1895). 

do  Hillman,  Bull.  No.  29,  Nev.  Agr.  Ezp.  Sta.,  p.  8,  (1895). 

do  Piper,  Bull.  No.  17,  Wash.  Agr.  Ezp.  Sta.,  (1895). 

do  Schiedt,  Rept.  Pa.  Sta.  Bd.  Agr.,  pp.  579-684,  (1895). 

do  Gillette  and  Baker,  Bull.  31,  Colo.  Ezp.  Sta.,  p.  128,  (1895). 

do  Maskell,  Agr.  Gazette,  N.  S.  Wales,  vol.  VI,  pp.  868- 

870,  (1895). 
do  Cockereli,  Can.  Ent.,  vol.  XXVII,  pp.  16,17,  (  1895)  ;  Bull. 

2,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  94,  (1896). 
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Aspidiolus  pemicioatM  Giard,  Act.  Soc.  Sci.  Chili,  vol.  V,  p.  U7,  (1895). 
do  Smith,  Ent.  News,  vol.  VI,  pp.  153-157,  (1805). 

do  SliDgerland,  Rural  New  Yorker,  vol.  LVI,  p.  6,  (18d5). 

do  Fox  and  Edge,  Cire.  Pa.  St.  Bd.  Agr.,  (1895). 

do  Howard,  Insect  Life,  vol.  VII,  pp.  283,  333,  359,  3(X), 

(1895). 
do  Collingwood,  Rural  New  Yorker,  vol.  LIV,  p.  167,  (  1895  ). 

do  Collier,  Bull.  87,  n.  s.,  N.  Y.  Agr.  Ezp.  Sta.,  p.  10,  (1895). 

do  Rtlej,  Bull.  32,  Md.  Agr.  Ezp.  Sta.,  (1895). 

do  Davis  and  Taft,  Bull.  121,  Mich.  Agr.  Ezp.  Sta.,  pp.  36- 

38,  (1895). 
do  Lintner,  Bull.  N.  Y.  St.  Mus.,  vol.  III,  No.  13,  pp.  275- 

303,(1895). 
do  Hoffman,  The  Student,  (  1895). 

do  "Rather  Perplexed'*  (pseud.),  So.  W.  Farm  and  Or- 

chard,  (1895). 
do  Smith,  Ent.  News,  vol.  VI,  pp.  153-157,  (1895). 

do  Beckwith,  Bull.  25,  Del.  Coll.  Agr.  Ezp.  Sta.,  p.  8,  (  1895). 

do  Toume7,Bull.l4,Ariz.  Agr.  Ezp. Sta.,  pp.  32-47,  (1895). 

do  Marlatt,  Insect  Life,  vol.  VII,  pp.  365-374,  (1895). 

do  Cockerell,  New  Mezican,  (1895). 

do  Rolfs,  Bull.  29,  Fia.  Agr.  Ezp.  Sta.,  p.  19,  (1895). 

do  Fernald,  Mass.  Crop  Rept.,  p.  23,  (1895). 

do  Maskell,  Can.  Ent.,  p.  14,  (  1896). 

do  Sirrine,  Ann.  Rept.  N.  Y.  Agr.  Sta.  for  1895,  (1896). 

do  Smith,  Rept.  Ent.  Dept.  N.  J.  Agr.  Coll.  Ezp.  Sta.  for 

1895,(1896). 
do  Garman,  8th  Ann.  Rept.  Ky.  Agr.  Ezp.  Sta.,  for  1895, 

(1896). 
do  Beckwith,  Bull.  No.  30,  Del.  Agr.  Ezp.  Sta.,  p.  16,  (  1896). 

do  Cooley,  Bull.  No.  36,  Mass.  Hatch  Agr.  Ezp.  Sta.,  pp. 

13-20,(1896). 
do  Cordley,  Bull.  No.  44,  Ore.  Agr.  Ezp.  Sta.,  p.  108,  (  1896). 

do  Weed,  So.  Cultivator,  (1896). 

do  Alwood,  Bull.  62,  Va.  Agr.  Sta.,  pp.  31-44,  (1896). 

do  Cockerell,  Bull.  No.  19,  N.  M.  Agr.  Ezp.  Sta.,  pp.  108- 

112,(1896). 
do  Hopkins,  Nat.  Stockman  and  Farmer,  p.  6,  (1896). 

do  Cook,  Rural  Cal.,  pp.  158, 159,  (  1896). 

do  Stedman,  Mo.  Mon  th.  Crop  Rept,  (1896). 

do  Kinney,  Bull.  No.  37,  R.  I.  Agr.  Ezp.  Sta.,  p.  43,  (1896). 

do  Alwood,  Bull.  No.  66,  Va.  Agr.  Ezp.  Sta.,  pp.  77-90, 

(1886). 
do  Webster,  Bull.  No.  72,  Ohio  Agr.  Ezp.  Sta.,  pp.  211-217, 

(1896). 
do  Smith,   Bull.   No.  116,  N.  J.  Agr.  Ezp.   Sta.,  p.  15, 

(1896). 
do  Johnson,  Bull.  No.  42,  Md.  Agr.  Ezp.  Sta.,  pp.  154-156, 

(1896). 
do  Smith,  Bull.  No.  6,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

pp.  46-48,  (  1896). 
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ABpidiotuê pernieioBUê  Lintner,  Bull.  No.  6,  n.  s.,  U.  S.  Dept.  A^.,  pp.  54-61, 

(1896). 
do  JohDson,  Bail.  No.  6,  n.  s.,  Div.  Ent  U.  S.  Dept.  Agr., 

pp.  63-66,  (1886). 
do  Webster,  Bail.  No.  6,  n.  s.,  Dît.  Eat.  U.  S.  Dept.  Agr., 

pp.  66-70,  (1896). 
do  nopkiiis,  Bail.  No.  6,  d.  s.,  Dît.  Ent  U.  8.  Dept.  Agr., 

pp.  71-73,  (1896). 
do  Alwood,  Bull.  No.  6,  n.  s.,  Div.  Ent  U.  S.  Dept  Agr., 

pp.  80-84,  (1896). 
do  Howard,  Trans.  Mass.  Hort  Soc.,  p.  15,  (  1896). 

do  Beckwith,  Trans.  Fenin.  Hort  Soc.,  pp.  85-W,  (  1896). 

do  Webster,  Ann.  Bept  Ohio  Sta.  Hort  Soc,  pp.  164-178, 

(18960. 
do  lintner,  llth  Rept  on  Inj.  Ins.  8t  N.  T.,  pp.  200-233, 

(1896). 
do  Slingerland,  IVoc.  West  N.  T.  Hort  Soc.  for  1886,  p. 

18,(1896). 
do  Smith,  Bail.  6,  n.  s..  Dît.  Ent  U.  8.  Dept  Agr.,  pp. 

46-18,(1896).* 
do  Green,  Ent  Mo.  Mag.,  toI.  XXXII,  p.  84,  (1896).* 

do  Hopkins,  Bail.  6,  n.  s.,  Div.  Ent  U.  S.  Dept  Agr , 

pp.  71,72,  (1896).* 
do  Maskell,  Ent  Mo.  Blag.,  vol.  XXXII,  pp.  33-36,  (1896).* 

do  Forbes,  20th  Ann.  Rep.  Ins.  111.,  pp.  1-25,  (  1885-*96).* 

do  Alwood,  Bail.  6,  n.  s.,  Div.  Ent  U.  S.  Dept.   Agr, 

pp.  80-84,  (L«6).* 
do  Johnson,  Bull.  6,  n.  s..  Dît.  Ent  U.  8.  Dept  Agr , 

pp.  63-65,  (1896).* 
do  Webster,  Bail.  6,  n.  s.,  Div.  Ent  U.  S.  Dept.  Agr., 

pp.  69,  70,  (lS96j.* 
do  Maskell,  Trans.  N.  Z.  In8t,Tol.  XXVIII,  p. 386,  (1896). 

do  Howard  and  Mariait  Bail.  No.  3,  n.  s..  Dît.  Ent  U.  a 

Dept  Agr.,  pp.  1-80,  (  1896). 
do  Rolfs,  Rept  Fia.  Agr.  Exp.  Sto.  for  1896,  (  1897). 

do  Smith,  Rept  N.  J.  St  Bd.  Agr.,  24  pp.,  (  1887).* 

do  Berlese  and  Leonardi,  Rir.  Fat  Veg.,  roi.  VI,  pp.  330- 

352,(1897).* 
do  Coqaillett,  Rept  Dept  Agr.,  DiT.  Ent,  p.  124,  (1897).* 

do  Webster,  Froc.  5âd  Ann.  St  Agr.  GéoT.,  Colambos, 

Ohio,  (1S97). 
do  Sturgis,  Conn.  Agr.  Sta.  Rept  for  1896  (  1897). 

do  Baker,  Bail.  No.  77,  Ala.  Agr.  Exp.  Sta.,  pp.  27-31, 

(1S97). 
do  Alwood,  Froc  Ga.  St  Hort  Soc,  pp.  3^-42,  (1897). 

do  Forbes,  Bail.  No.  48,  Agr.  Exp.  Sta.,  pp.  41^-128,  (  1887). 

do  Gillette,  Bull.  No.  38,  Cok>.  Agr.  £^.  Sta.,  pp.  33-38, 

(1897). 
do  Alwood,  Rept.  22d  Meet  Amer.  Ass.  of  Noraerymen,  pp. 

2>^,  (1S97). 
do  Garman,  Bail.  No.  67,  Kj.  Agr.  Exp.  Sto.,  pp.  43-^, 

(1397). 
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Aspidiotuê  pernicio8U8  SlingerlaDd,  Rural  New  Torker,  p.  356,  (1897). 
do  Kolfs,  Oarden  and  Forest,  pp.  217,  218,  (1897). 

do  Hussey,  Ohio  Farmer,  p.  487,  (1897). 

do  Webster,  Can.  Ënt.,  p.  173,  (1897);  Bull.  No.  81,  Ohio 

Agr.  Exp.  Sta.,  pp.  177-212,  (1897). 
do  Cockerell,  Bull.  No.  6,  Tech.  Ser.  Div.  Ent  U.  S.  Dept. 

Agr.,  p.  31,  (1897). 
do  McCarthy,  Bull.  No.  138,  N.  C.  Agr.  Exp.  Sta.,  pp.  4&- 

55,(1897). 
do  Forbes,  Circular,  (1897). 

do  Baker,  Bull.  No.  86,  Ala.  Agr.  Exp.  Sta.,  (1897). 

do  Rolfs,  Bull.  41,  Fia.  Agr.  Exp.  Sta.,  pp.  51^542,  (1897). 

do  Pan  ton.  Rural  Canadian,  pp.  178,  179,  (1897). 

do  Smith,  Cire.  N.  J.  Agr.  Exp.  SU.,  (1897). 

do  Starnes,  Bull.  No.  36,  Ga.  Agr.  Exp.  Sta.,  p.  31,  (1897). 

do  Smith,  Ent.  News,  pp.  221-223,  (  1897). 

do  Alwood,  Ist  Ann.  Rept.  losp.  San  José  Se,  15  pp.,  (1897). 

do  Cordley,  Ore.  Agr.  &  Rural  N.  W.,  p.  70,  (1897). 

do  Barrows,  Bull.  No.  9,  n.  s.,  Div.  Ent.  Û.  S.  Dept.  Agr., 

pp.  27-29,  (1897). 
do  Webster,  Bull.  No.  9,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

pp.  40-45,  (1897). 
do  Johnson,  Bull.  No.  9,  n.  s.,  Div.  Ent.,  Û.  S.  Dept.  Agr., 

pp.  80-82,  (1897). 
do  Troop,  Newspaper  Bulletio,  (1897). 

do  Webster,  Ent.  News,  pp.  248-250,  (1897). 

do  Massey,  So.  Planter,  p.  549,  (1897). 

do  Hopkins,  W.  Va-  Farm  Reporter,  pp.  84-86,  (1897). 

do  Osborn,  Bull.  No.  36,  lowa  Agr.  Exp.  Sta.,  pp.  860-864, 

(1897). 
do  Berlese  and  Leonardi,  Riv.  Pat.  Veg.,  vol.  VII,  pp.  252- 

273,(1898).* 
do  Leonardi,  Riv.  Pat.  Veg.,  vol.  VII,  pp.  189-191,  (1898).* 

do  Osborn,  Proc.  lowa  Acad.  Soi.,  vol.  V,  p.  321,  (1898).* 

do  Symposium,  Smith,  Lowe,  Waugh,   Bailey,  Willard, 

Lyon,  Haie,  and  Bancroft,  Rural  New  Yorker,  pp. 

17,18,  (1898). 
do  Smith,  E.  N.  Y.  Horticullurist,  (1898). 

do  Johnson,  Bull.  No.  17,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

pp.  39-43,  (1898).* 
do  Alwood,  Bull.  No.  72,  Va.  Agr.  Exp.  Sta.,  p.  11,  (1898). 

do  Cockerell,  Entom.,  vol.  XXXI,  p.  239,  (1898).* 

Ent.  News,  vol.  IX,  pp.  95,  96,  (1898).* 
do  Smith,  Bull.  No.  125,  N.  J.  Agr.  Exp.  Sta.,  pp.  9-14, 

(1898). 
do  Howard  and  Marlatt,  Bull.  No.  3,  n.  s.,  Div.  Ent.  U.  S. 

Dept.  Agr.,  p.  80,  (1898). 
do  Gould,  Bull.  No.  144,  Corn.  Univ.  Agr.  Exp.  Sta.,  pp. 

^11,(1898). 
do  Newstead,  Entom.,  vol.  XXXI,  p.  98,  (1898).* 

do  Discussion,  Proc.  Ent.  Soc.  London,  p.  L3,  (1898).* 
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Aapidioius  pernici08U8  Smith,  Rept.  Ent.  Dept.  N.  J.  Âgr.  Ck>l.  Exp.  Sta.  for 

1897,  pp.  436-4^,  (1898). 
do  Perkins,  Bull.  No.  80,  Vt.  Agr.  Exp.  Sta.,  pp.  12-14, 

(1898). 
do  Forbe?,  20th  Rept.  St.  Ent.  111.,  pp.  1-25,  (1898). 

do  Emory,  Tracs.  PeniD.  Hort.  Soc.,  pp.  107-113,  (1898). 

do  Bancroft,  TraDS.  Penin.  Hort.  Soc.,  pp.  lia-128,  (1898). 

do  Webb,  Trans.  Penin.  Hort.  Soc.,  pp.  114,  115,  (1898). 

do  Smith,  Bull.  No.  17,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

pp.  32-39,  (1898).* 
do  Fletcher,  Rept.  Ent.  Soc.  Ontario,  vol.  XXVIII,  pp. 

78,79,(1898).* 
do  Johnson,  Can.  Ent.,  vol.  XXX,  pp.  82,  83,  (1898).* 

do  Webster,  Can.  Ent.  vol.  XXX,  pp.  169-172,  (1898).* 

do  Felt.,  Bull.  17,  n.  s.,  Dlv.  Ent.  U.  S.  Dept.  Agr.,  pp.  22, 

23,(1898).* 
do  Hopkins,  Bull.  17,  n.  s.,  Div.  Ent.  U.  S.  Dept  Agr., 

pp.  44,  45,  (1898).* 
do  Discussions,  Bull.  17,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

pp.  50-55,  (1898).* 
do  Matrdorff,  Zeits.  fur  Pflanzenkranheiten,  vol.  VIII,  p. 

1,  (1898).* 
do  Sorauer,  Zeita.  fur  Pflanzenkrankheiten,  vol.  VIII,  p. 

46,  (1898)  * 
do  Sorauer,  Zeits.  fur  Pflaozenkheiten,  vol.  VIII,  p.  104, 

(189S).* 
do  Stedman,   Bull.  No.  41,  Mo.  Agr.  Exp.  Sta.,   p.  35, 

(1898). 
do  Hunter,  Bull.  Dept.  Ent.  Kans.  Univ.,  p.  62  (1898). 

do  Howard,  Bull.  No.  12,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

pp.  1-31,  (1898). 
do  Johnson,  Can.  Ent.,  vol.  XXXI,  pp.  87,  88,  (1899).* 

do  Scott,  Bull.  20,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr.,  pp. 

83,  84,  (  1899).* 
do  d'Utro,  Bull.  Inst.  Agron,  S.  Paulo,  vol.  X,  Nos.  11 

and  12,(1899).* 
do  Groethe,  Bericht  Kgl.  Lehraustadt  Obst.  Wein.andQar- 

tenbau,  Geisenheim  a  R.,  p.  16,  (1899).* 
do  Newstead,  Reprint  Jour.  Royal  Hort.  Soc.,  p.  8,  (1899).* 

do  Webster,  Can.  Ent.,  vol.  XXXI,  p.  4,  (1899).* 

do  King,  Can.  Eot.,  XXXI,  pp.  225,  226,  (1899).* 

do  Howard  and  Marlatt,  Bull.  20,  n.s.,  Div.  Ent.U.S.Dept. 

Agr.,  pp.  36-39,  (1899). 
do  Howard,  Year-book  Dept.  Agr.,  pp.  143, 144,  (1899). 

do  Johnson,  Bull.  No.  20,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

(1899).* 
do  Reh,  Mitth.  Nat.  Mus.  Hamburg,  vol.  XVI,  pp.  125- 

141,(1899).* 
do  Cockerell,  Bull.  No.  32,  Ariz.  Agr.  Exp.  Sta.,  p.  274, 

(1899).* 
do  Hunter,  Kans.  Univ.  Quart.,  vol.  VIII,  No.  1,  pp.  10, 11, 

(1899). 
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Aêpidiottta  pemiciostts  Cockerell  and  Parrott,  Industrialist,  p.  276,  (1890).* 
do  Fuller,  Tr.  Ent.  Soc.  London,  pt.  IV,  p.  465,  (1899).* 

do  Lampa,  Ent.  Tidsk.,  pp.  63-65,  (1899).* 

do  Frank  and  Kruger,  Schildlausbuch,  pp.  58-72,  (1900).* 

do  Smith,  Bull.  No.  146,  N.  J.  Agr.  Exp.  Sta.,  20  pages» 

(1900).* 
do  Soott,  Bull.  No.  26,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr.,  p. 

49,  (1900).* 
do  Woodworth,  Bull.  No.  26,  n.  s.,  Div.  Ent.  U.  S.  Dept. 

Agr.,  p.  92,  (1900).* 
do  Reh,  Bull.  32,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr.,  pp. 

79-83,(1900).* 

Zool.  Anzeiger,  No.  624,  pp.  502-504,  (1900).* 

Reprint  Jahrb.  Hamburg  wiss.  Anat.,  pp.  1-21, 
(1900).* 

Zeitschrift  fur  Entom.,  vol.  V,  pp.  161, 162,  (  1900).* 
do  May,  Mitth.  Naturhiat.  Mua.  Hamburg,  vol.  XVI,  pp. 

151-153.  (1900).* 
do  Johnson,  Bull.  No.  26,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

pp.  73-75,  (1900).* 
do  Cookerell,  Science,  n.  s.,  vol.  XII,  No.  300,  pp.  488, 489, 

(1900).* 
do  Kellogg,  Science,  n.  s.,  vol.  XIII,  pp.  383-385,  (1901). 

do  Webster,  Science,  n.  s.,  vol.  XIII,  p.  511,  (1901). 

Aspidiotus  greenii. 

Aapidioiua  greenii  Cockerell,  Dept.  Agr.,  Div.  Ent,  Tech.  Ser.,  No.  6,  p.  27, 

(1897). 
do  Cal.  Fruit  Grower,  20,  No.  23,  pp.  4,  5,  (1897). 

do  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  1,  p.  11,  (1899). 

do  Cockerell,  An.  and  Mag.  Nat.  Uist.,  ser.  7,  III,  p.  169, 

(1899). 
Am.  Nat.,  XXXI,  p.  73,  Aug.  1897.* 
Ent.  Mo.  Mag.,  XXXIV,  pp.  184,  185,  Aug.  1898.* 
Entom.,  XXXII,  p.  93,  Apr.  1899.* 
do  Ckll.  and  Parrott,  Industrialist,  p.  277,  May,  1899.* 

do  Marlatt,  Can.  Ent,  XXXI,  pp.  208-211,  Aug.  1899.* 

do  Hempel,  Rev.  Mus.  Paulista,  IV,  p.  502, 1900.* 

Aspidiottis  hederœ  nerii  Bouche. 

AêpidiottM  nerii  Bouche,  Schadl.  Gart  Ins.,  p.  52,  (1&H3). 
Diaêpia  bouchei  Targioni-Tozzetti,  Stud.  sul.  Coccin,  (1867). 
Aspidiotua  nerii  Comstock,  Rept  Ent  in  Rept.  Coin.  Agr.,  p.  301,  (1880). 
do  Maskell,  Trans.  N.  Zeal.  Inst.,  XIV,  p.  217,  (1881).* 

do  Comstock,  2d  Rept  Corn.  Univ.  Exp.  Sta.,  p.  63,  (1883).* 

do  Hubbard,  U.  S.  Dept  Agr.,  p.  35,  (1885). 

do  Oscar  Schmidt,  Archiv.  Naturgesch.,  LI,  No.  1,  pp.  169-200, 

(1885).* 
Tbesis  at  Berlin  University,  (1885);  rev.  in 
Ent  Nach.,  p.  119,  (1886).* 
do  Lemoine,  Ann.  Soc.  Ent  France,  p.  CXC,  (1886).* 

do  Douglas,  Ent.  Mo.  Mag.,  XXIII,  pp.  151, 152,  (1886).* 
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Aspidioiua  nerii  Maskell,  Scale  Inseots  N.  Zeal.,  p.  44,  (1887).'*' 
do  Morgan,  Eot.  Mo.  Mag.,  XXV,  p.  350,  (1889).* 

do  Cockerell,  Gard.  Chron.,  p.  648,  No.  U,  (1893).* 

Journ.  Inst.  Jamaica,  p.  355,  (1893).* 
Trans.  Am.  Ent.  Soc,  XX,  p.  367,  (1893). 
Ent.  News,  vol.  V,  pp.  79,  211,  (1894).* 
Ent.  Mo.  Mag.,  XXX,  pp.  57-^9,  (1894).* 
N.  M.  Ent,  No.  2,  (1894). 

Journ.  Trin.  Nat.  Field  Club,  vol.  2,  No.  12,  p.  307, 
(1896). 
do  Johnson,  Div.  Ent.,  n.  s.,  No.  VI,  pp.  75-78,  (1886). 

do  Townsend,  U.  S.  Dept.  Âgr.,  Div.  Ent.,  Tech.  Ser.,  No.  4,  p.  11, 

(1896). 
do  Green,  Indian  Mus.  Notes,  vol.  IV,  No.  1,  p.  4,  (1896).* 

Ent.  Mo.  Mag.,  XXXIII,  p.  69,  (1897).* 
do  Gillette,  Colo.  Âgr.  Ck)ll.  Exp.  Sta.,  Bull.  No.  31,  Tech.  Ser., 

No.  1,  p.  129,  (1898). 
do  Hunter,  K.  U.  Quart.,  vol.  VIII,  p.  11,  (1899). 

do  Newell,  lowa  Sta.,  Bull.  43,  p.  168,  (1899). 

do  King,  Psyché,  vol.  VIII,  No.  276,  p.  250,  (1899). 

do  Cockerell,  Am.  Mag.  Nat.  Hist,  p.  167,  (1899).* 

Biol.  Cent.  Am.,  II,  part  II,  p.  20,  (1899).* 

Aspidioiua  œsculi  sotus  (s.  sp.  n.) 
Aspidioiua  œaculi  aolua  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  1,  p.  12,  (1899). 
do  Newell,  Cont  from  EntT.  Dept.  lowa  St.  Agr.  Coll.  No. 

3,  p.  13,  (1899). 

Mytilaspia  pomorum. 

Aapidioiua  conchfformia  of  Anthers,  but  not  A.  conchifortnia  Gmelin,  Syst. 
Nat.,  2221,  37  (1788),  which  species  infesta  elm. 
do         pomorum  Bouche,  Ent.  Zeitung  Stett.  (1851),  12,  No.  1. 
do         pyrua-malua  Rob.  Kennicot,  Acad.  Sci.  Cleveland,  (1854). 
do         juglandia  Fitch,  Ann.  Rept.  N.  Y.  St.  Agr.  Soc.,  p.  163.  (1856).* 
Mytilaapia  pomicorticia  Riley,  5th  Rept.  St.  Ent.  Mo.,  p.  95,  (1872). 
Mytilaapia  pomorum,  Signoret,  Ann.  de  la  Soc.  Ent.  de  France,  p.  95,  (1870). 

do  Maskell,  Tr.  N.  Zeal.  Inst.,  vol.  XI,  pp.  192-194,  (1879).* 

Mytilasp'a  (pomicorticia)  pomorum  Comstock,  Rept.  Eut.  in  Rept.  Com.  Agr., 

(1880). 
do  Signoret,  Tr.  on  Ins.  Inj.  Fruits  and  Frt 

Trees,  by  M.  Cooke,  Saor.,  p.  37, 
(1881). 
do  Bethune,  Ann.  Rept.  Ent.  Soc.  Ont.,  pp. 

77,  78,  (1881). 
l  do  Comstock,  2d   Rept.    Dept.  Ent.,  Corn. 

'  Univ.  Exp.  Sta.,  p.  118,  (1883). 

do  Douglas,  Ent.  Mo.  Mag. ,  vol.  XXII,  p.  68, 

(1884).* 
Douglas,  Ent.  Mo.  Mag.,  vol.  XXII,  p. 

219,  (1886).* 
Douglas,  Ent.  Mo.  Mag.,  vol.  XXIII,  p. 
27,  (1886).* 
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Mytilaspis  {pomieorticis)  pomorum  Maskell,  Sca.  Ins.  in  N.  Z.,  p.  51,  (1887). 
do  Weed,  Bull.  Ohio  Agr.  Exp.  Sta.,  Tol.  III, 

No.  4,  p.  127,  (1890). 
ào  Maskell,  ËDt.  Mo.  Mag.,  toI.  XXVI,  p. 

277,  (1890).* 
MyiilaspU  pomorum  Fletcher,  Can.  Cent.  Exp.  Farm,  Bull.  No.  11,  p.  36, 1891. 
do  TowDsend,  N.  M.  Sta.,  Bull.  No.  3,  p.  19,  (June,  1891). 

do  PantoD,  Ont.  Agr.  Coll.  Exp.  Sta.,  Bull.  No.  62,  p.  7, 

(1891). 
do  Huet  and  Louise,  Bull.  Min.  Agr.,  Paris,  11,  No.  7,  pp. 

765-768,(1892). 
do  Smith,  Rept.  Ent.  N.  J.  Agr.  Coll.  Exp.  Sta.,  p.  494, 

(1894). 
do  Howard,  Year-book  U.  S.  Dept.  Agr.,  pp.  252,  254,  259, 

(1891).* 
do  Howard,  U.  S.  Dept.  Year-book,  pp.  249-276,  (1894). 

do  Lintner,   Bull.   N.  Y.   St.   Mus.  3,  No.  13,  pp.  276-305, 

(1895). 
do  Taft,  Mich.  St.  Agr.  Coll.  Exp.  Sto.,  Bull.  No.  121,  p.  25, 

(Apr.  1895). 
do  Lowe  and  Sirrine,  N.  Y.  St.  Rept.,  pp.  525-535,  (1896). 

do  Saccardo,  Rivista  Pat.  Veg.,  IV,  p.  54,  (1896).* 

do  Berlese,  Le  Cocciniglie  Italiane,  P.  III,  p.  297,  (1896). 

do  Berlese,  Rivista  Pat.  Veg.,  IV,  Nos.  1-12.  (1896).* 

Rivista  Pat.  Veg.,  V,  Nos.  1-4,  (1896).* 
do  Webster,  Ind.  Hort.  Rept.,  p.  6,  (1896). 

do  Johnson,  Dept.  Agr.,  Div.  Ent.,  Bull.  6,  n.  s.,  pp.  75-78, 

(1896). 
do  Fletcher,  Can.  Exp.  Farms  Repts.,  pp.  250-264,  (1896). 

do  Harvey,  Mo.  Sta.  Rept.,  pp.  117-123,  (1896). 

do  Quinn,  Garden  and  Field,  22,  No.  1,  pp.  24,  25,  (1896). 

do  King,  Can.  Ent,  p.  228,  (  18—). 

do  Perkins,  Vt.  Agr.  Exp.  Sta.,  Bull.  No.  60,  pp.  9-12,  (  1897). 

do  Starnes,  Ga.  Sta.,  Bull.  36.  (1897). 

do  Panton,  Ont.  Agr.  Coll.  and  Exp.  Farm,  Bull.  105,  p.  15, 

(1897). 
do  Barrows  and  Pettit,  Mich.  Sta.,  Bull.  160,  pp.  339-436, 

(1897). 
do  Lowe,  N.  Y.  Agr.  Exp.  Sta.,  Bull.  No.  136,  p.  578,  (1897). 

do  Fletcher,  Exp.  Farms,  pp.  187-230,  (1897). 

do  Lea,  Producers*  Gaz.  and  Settlers'  Rec,  5,  No.  6,  pp.  465- 

483,(1897). 
do  Gillette,  Colo.  Agr.  Coll.  Exp.  Sta.,  Bull.  No.  47,  p.  13, 

(1898). 
do  Parrott,  Trans.  Kan.  St.  Hort.  Soc.,  Bull.  23,  pp.  106-109, 

(1898). 
do  Hunier,  Bull.  Dept.  Eot.,  p.  25,  (  Jan.  1898). 

do  Giliorders,  Reprint  Trans.  Ann.  Manchester  Micr.  Soc.,  p. 

7,(1898).* 
do  Chambliss,  Tenu.  Sta.  Bull.,  vol.  X,  No.  4,  pp.  141-151, 

(1898). 
do  Leonardi,  Annali  di  Agr.,  p.  133,  (1898). 
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MytHaspUpomorum  Newstead,  Ent.,  XXXI,  p.  98,  (1896). 

do  Brick,  Station  far  PflaozeDschutz  zu  Hamburg,  1,  p.  34, 

(1898-'99). 
.  do  Braner,  Iqs.  Eoemies  Apple  Tree,  p.  146,  (1899). 

do  Smith,  N.  J.  Agr.  Coll.  Exp.  Sta. ,  Bail.  No.  140,  p.  7,  (18—)- 

do  Newell,  lowa  Sta.,  Bull.  43,  pp.  169, 160,  (1899).* 

do  Feroald,  0)m.  Pa.  Dept.  Agr.,  Bull.  No.  43,  p.  16,  (1899). 

do  Johnson,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Bull.  20,  n.  s.,  p. 

66,  (1899). 
do  Marchai,  Bull.  Soc.  D'Arc,  de  France,  p.  11,  (1899). 

do  Troop,  Ind.  Agr.  Exp.  Sta.,  Bull.  No.  78,  vol.  X,  (1899). 

do  Reh,  Mitt.  Naturhist.  Mus.  Hamburg,  XVI,  pp.  125-141» 

(1899).* 
do  Leonardi,  Lab.  di  Ent.  Agr.  in  Portici,  p.  5,  (1899). 

do  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  1,  p.  14,  (1899). 

do  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  275  (1899).* 

do  Fletoher,  Rept.  Ent.  and  Bot.,  p.  17,  (1900). 

do  Reh,  Jahrb.  Hamb.  Wiss.  Anst.,  XVII,  pp.  3-^,  (1900).* 

Zeitschrift  fur  Ent.,  V,  p.  161,  (1900).* 
do                  Hempel,  Rev.  Mus.  Paulista,  IV,  pp.  512,  513,  (1900).* 
do                  Loohhead,  Bull.  Dept.  Agr.,  p.  40,  (1900). 
do                  Frank  and  Kruger,  Schildlausbuch,  pp.  90-98,  (1900).* 
do  Harvey  and  Munso,  Me.  Sta.  Bull.  56,  pp.  105-144,  ( ). 

Mytilaspis  citricola  Packard. 
Mytilaspiê  citricola  Packard,  Guide  to  Study  Insecte,  2d  éd.,  p.  527,  (1870). 
do  Comstock,  U.  S.  Dept.  Agr.  Rept.  for  1880,  p.  321. 

do  Hubbard,  Rept.  U.  S.  Dept.  Agr.,  Div.  Ent.,  pp.  107-109, 

(1881)*;  pp.  157-159,  (1883).* 
do  Comstock,  2d  Rept.  Ent.  Corn.  Univ.  Exp.  Sta.,  p.  117, 

(isas). 

Mytilaspia  flaveocus  Targioni,  Annali  di  Agricultura,  p.  392,  (1884).* 
Mytilaspia  citricola  \oy\e,  Bull.  4  (O.  S.),  Div.  Ent.  U.  S.  Dept.  Agr.,  pp. 

70-73,(1884).* 
do  Maskell,  Ent.  Mo.  Mag.,  XXVIII,  p.  70,  (1892).* 

do  Cockerell,  Ent.  Mo.  Mag.,  XXIV,  p.  155,  (1893).* 

do  Craw,  Cal.  St.  Bd.  Hort.  Rep-*,,  pp.  90-96,  (1894-'94). 

do  Cockerell,  Journ.  Trinidad  Field  Nat.  Club,  p.  306,  (  1894). * 

do  Smith,  Ent.  News,  V,  pp.  184,  185,  <1894).* 

do  Green,  Coccidœ  Ceylon,  pt.  I,  pp.  78-^"0,  (1896).* 

do  Marlatt,  Dept.  Agr.,  Year  book,  pp.  217^36,  (1896). 

do  Cockerell,   Bull.  Dept.  Bot.  Jamaica,  IV,  n.  s.,  pp.  lOS, 

109,  No.  65,  (1897).* 
do  Froggatt,  Agr.  Gaz.,  N.  S.  Wales,  9,  No.  10,  pp.  1210-1221, 

(1898). 
do  Maskell,  Ent.  Mo.  Mag.,  XXVII,  p.  70,  (1898). 

do  Producers'  Gaz.  and  Settlers'  Rec.  (  West.  Ans.),  5,  No.  0^ 

pp.  465-483,  (1898). 
do  Frank  and  Kruger,  Schildlausbuch,  p.  99,  (1900).* 

do  Hempel,  Rev.  Mus.  Paulista,  IV,  pp.  513,  514,  (1900).* 

do  Reh,  Zeits.  fur.  Ent,  V,  p.  162,  (1900).* 

do  Cockerell,  Rev.  Mus.  Paulista,  IV,  p.  363,  (1900).* 

do  Morgan,  La.  Sta.  Bull.  28,  2d  ser.,  pp.  982-1005,  ( ). 

Sp.  Bull.,  pp.  51-110  ( ). 
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IHaspis  ftnowiU 

Dioêpfs  anowii  Hunter,  K.  U.  Quart.,  vol.  8,  No.  1,  p.  14,  (1809). 

JLecaniutn  aurantiacuni» 

Lecanium  maclurœ  Hunter,  K.  U.  Quart.,  vol.  8,  No.  2,  p.  67,  (1899). 
Leoanium  aurantiacum  Hunter,  K.  U.  Quart.,  vol.  9,  No.  2,  p.  107,  (1900). 

Lecanium  canadense» 

Lecanium  caryœ,  var.  eanadense  Ckll.,  Can.  Ent.,  vol.  27,  p.  253,  (1895). 
Lecanium  canadense  Ckll.,  Can.  Ent.,  vol.  30,  p.  294,  (1898). 

do  Cockerell  and  Parrott,  Industrialiat,  p.  232,  (1899). 

do  Hunter,  K.  U.  Quart.,  vol.  8,  No.  2,  p.  68,  (1899). 

do  King,  Can.  Ent.,  vol.  XXXI,  p.  252,  (Sept.  1899). 

do  Hunter,  K.  U.  Quart.,  IX,  ser.  A.,  No.  2,  p.  107,  (Apr. 

1900). 

do  Eing,  Psyché,  IX,  p.  117,  Oct.  1900. 

Lecanium  kansanense, 

Lecanium  kansaaenae  Hunter,  K.  U.  Quart.,  vol.  8,  No.  2,  p.  69,  (1899). 

Lecanium  cocker elli  Hunter. 

Lecanium  cockerelli  Hunter,  K.  U.  Quart,  vol.  VIII,  No.  2,  p.  70,  (1899). 

K.  U.  Quwt.,  vol.  IX,  No.  2,  p.  107,  (1900). 
do  King,  Can.  Ent.,  vol.  —,  p.  252. 

Psyché,  IX,  p.  117,  Oct.  1900. 

Lecanium  armeniacum, 

Lecanium  armeniacum  Craw,  Cal.  St.  Bd.  Hort.,  Div.  Ent,  pp.  12, 13, 1891. 
do  Cockerell,  Can.  Ent.,  vol.  26,  No.  2,  p.  35,  (1894). 

do  Felt,  Bull.  N.  Y.  St  Mus.,  vol.  V,  No.  23,  p.  240,  (1898). 

do  Webster,  Can.  Ent,  p.  81,  (Apr.  1898). 

âo  Cockerell  and  Parrott,  Industrialist,  p.  233,  (  A  pr.  1899). 

do  Cockerell,  Journ.  N.  Y.  Ent.  Soc.,  Vif,  p.  257,  Dec. 

1899.* 
do  Maskell,  Trans.  N.  Z.  lust,  XXVII,  p.  59, 1894,  (1895)*. 

do  King,  Psyché,  IX,  p.  117,  Oct  1900. 

do  Hunter,  K.  U.  Quart,  VIII,  ser.  A,  No.  2,  pp.  71-75, 

pi.  XV,  fig.  4,  Apr.  1899. 

Lecanium  hesperitlnm  Linn. 

Coccu^  heuperidum  Linn.,  Syst  Nat,  II,  739,  (1735). 
do  Faun.  Suec,  1015,  (1746). 

do  Frish,  Ins.,  12,  12,  (1736). 

do  Sulzer,  Ins.,  p.  1091,  tab.  12,  fig.  8,  (1761  ). 

do  Fabricius,  Syst.  Entom.,  p.  743,  (  1775). 

do  Modeer,  Act  Gothenb.,  1,  19,  8,  (1778). 

do  Schaeffer,  Eelem.  Entom.,  tab.  48,  (1766). 

do  Schrank,  Enum.  Insect  Austriae,  pp.  295,  583,  (1781). 

do  Gmelin,  Syst  Nat,  2215,  (1788). 

do  De  Villers,  Linnaei  Entomologia  (  Syst.  Nat.  ?),  p.  558,  (  1789). 

do  Olivier,  Encycl.  Method,  VI,  93,  (1791). 

do  Fabricius,  Entom.  Syst,  IV,  244,  et  Syst  Kyng.,  306. 

do  Schaeffer,  Icônes  Insect,  tab.  CXI,  fig.  2,  (1801). 
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Coccuë  heaperidum  Gène,  Insetti  Nocivi,  etc.,  p.  113,  tab.  II,  fig.  12,  (1827). 
do  FoDscolombe,  Ann.  Soc.  Ent.  Fr.,  3,  vol.  206,  (1834). 

do  Burmeister,  Handb.  der  Entomologie,  p.  69,  (1835). 

Calymnatus  heaperidum  Costa  (O.  G.),  Nueve  Observ.,  tab.  1,  fig.  1,  (1835). 
Calypiicua  lœviê  Costa  (O.  G.),  Faun.  Ins.  Nap.  Gallins,  8, 1,  (1837). 
Lecanium  heaperidum  Blanchard,  Hist.  Nat.  Ins.,  (1810). 
Calypticua  heaperidum  Lubbock,  Proc.  Boy.  Soc.,  IX,  480,  (1858). 

Proc.  Roy.  Soc.,  IX,  480,  and  Ann.  Nat. 
Hiat.,  111,306,  (1858). 
do  Beck,  Trans.  Micr.  Soc.  London,  n.  s.,  47,  (1861). 

do  Boisduval,  Entom.  Hort.,  331,  (1867). 

do  Targloni-Tozzetti,  Catal.,  37,  5,  (1868). 

Leoanium  heaperidum  Signoret,  Âon.  Soc.  Ent.  Fr.  p.  830,  856,  (1868). 

do  Targioni-Tozzetti,  Intr.  Seconda  Mem.  Coccin.,  p.  37, 

(1868). 
do  Signoret,  Ann.  Soc.  Ent.  Fr.,  p.  399,  (1873). 

do  Maskell,  Trans.  N.  Z.  Inst.,  XI,  pp.  205,  206,  pi.  VI,  fig. 

12,  1878,  (1879).* 
do  Ashmead,  Orange  Insects,  pp.  32,  33,  fig,  10;  pi.  I,  fig. 

14, 1880.* 
do  Comstock,  Rept.  Ent.,  in  Rept.  Comr.  Agr.,  1880,  p.  335. 

do  Targioni-Tozzetti,  Ann.  di  Agr.  (R.  Minist.  Agr.),  p. 

142,(1881). 
do  Comstock,  2d  Rept.  Dept.  Ent.  in  Corn.  U.  Exp.  Sta., 

p.  134,  (1883). 
do  Hubbard,  Ins.  aff.  Orange.,  U.  S.  Dept.  Ent ,  p.  48, 

(1885). 
do  Douglas,  Ent.  Mo.  Mag.,  XXII,  p.  159,  Dec.  1885.* 

do  M.  Cooke,  Treat.  Ins.  Inj.  to  Fruit  and  Fruit-trees, 

Sacramento,  p.  36,  (1886). 
do  Atkinson,  Journ.  Asiat.  Soc.  Bengal,  LV,  pt.  II,  No.  3, 

pp.  281,  282.  1886.* 
do  Maskell,  Sca.  Ins.  N.  Z.,  p.  80,  (1887). 

do  Penzig,  Studi  Botanici  sagli  a  grumi  e  sulle  piante  atfin 

(Ann.  Min.  Agr.),  p.  521,  (1887). 
do  Douglas,  Ent.  Mo.  Mag.,  XXIV,  pp.  25-27,  July,  1887.* 

do  Moniez,  Bull.  Soc.  Zool.  Fr.,  XII,  pp.  150-152,  1887.* 

do  Douglas,  Ent.  Mo.  Mag.,  XXVII,  pp.  244,  245,  pi.  2,  fig. 

1,  Sept.  1891.* 
do  Wassilieff,  Trav.  Soc.  Varsavie,  II,  No.  6,  pp.  10-12, 

1891.* 
do  Berlese,  Rivista  Pat.  Veg.,  I,  p.  61  (58-70),  figs.  4^, 

1892.* 
do  Coquillett,  U.  S.  Dept.  Agr..  Div.  Ent.,  Bull.  No.  26,  p. 

26,(1892). 
do  Maskell,  Trans.  N.  Z.  Inst.,  XXV,  pp.  218,  219,  1892, 

(1893).* 
do  Cockerell,  Trans.  Am.  Ent.  Soc.,  April,  1893,  p.  49. 

do  Maskell.  Ent.  Mo.  Mag.,  XXfX.  pp.  103, 104,  May,  1883.* 

do  G.  del  Guercio,  Staz.  Sper.  Agr.  Ital.,  24,  pp.  573-582, 

(1893). 
do  Cockerell,  Ann.    and   Mag.  Nat.  Hist.,  ser.  6,  p.  52, 

(1893). 
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Ijecanium  hesperidum  Koehele^  Dept.  Agr.,  Div.  Ent.,  Bull.  32,  pp.  33-36, 

(1893). 
do  Cockerell,  Trans.  Am.  Ent.  Soc,  vol.  XX,  p.  49, 1893.* 

Bull.  Bot.  Dept.  Jamaioa,  Feb.  1894,  pp.  18, 
173,  No.  13.* 
do  Douglas,  Ent.  Mo.  Mag.,  XXX,  p.  29,  Feb.  1894.* 

do  Cookerell,  Ent.  News,  p.  210,  (Sept.  1894). 

do  Berlese,  Le  Cocciniglie  Italiene,  pt.  Il,  p.  113,  (1894). 

do  Smith,  Rept.  Ent.,  N.  J.  Agr.  Coll.  Ezp.  Sta.,  p.  501, 

(1894). 
do  Cockerell,  Aot.  Soc.  Sci.  Chili,  V,  p.  24, 1895.* 

do  omette,  Colo.  Agr.  Ezp.  SU.,  Bull.  No.  31,  Tech.  Ser., 

No.  1,  p.  127,(1896). 
do  Townaend,  U.  S.  Dept.  Agr.,  Div.  Ent.,  Tech.  Ser.,  No. 

4,  p.  11,  (1896). 
do  Cockerell,  Amer.  Nat,  July,  1897,  p.  590.* 

do  Osborn,  Proc.  lowa  Acad.  Sci.,  V,  p.  226,  1897,  (1898).* 

do  Producera'  Gaz.  and  Settlers*  Bec.  (W.  Aus.),  V,  No.  6, 

pp.  46&-4a%  (1898). 
do  Hunter,  K.  U.  Quart.,  vol.  VIII,  No.  2,  p.  75,  (1899). 

do  King,  Can.  Ent.,  vol.  XXXI,  p.  140,  (  June,  1899). 

do  Qossard,  Fia.  Ezp.  Sta.,  Bull.  No.  51,  p.  113,  (  Jan.  1900). 

Lecanium  coffeœ, 

Lecanium  coffeœ  Cockerell,  Bull.  Bot.  Dept.  Jamaica,  vol.  1,  P.  5,  p.  71,  (May, 

1894). 
do  Cockerell  and  Parrott,  Cont.  to  Knowledge  of  Coc.,  XXX, 

Industrialist,  vol.  —,  No.  —,  p.  164,  (1899). 
do  Cockerell,  Nat.  Sci.  Phila.,  p.  270,  (1899). 

do  Hunter,  K.  U.  Quart.,  vol.  8,  No.  2,  p.  75,  (1899). 

do  King,  Can.  Ent,  vol.  XXXI,  p.  140,  (June,  1899). 

do  Hempel,  Rev.  Mus.  Paulista,  IV,  p.  4S6,  (1900).* 

do  Cockerell,  Rev.  Mus.  Paulista,  IV,  p.  363,  (1900).* 

do  Watt,  Pents  and  Blights  of  the  Tea  Plant,  p.  330,  1898.* 

do  Atkinson,  Journ.  Asiat.  Soc.  Bengal,  LV,  pt.  II,  No.  3,  pp. 

282-284, 1886.* 
do  Maskell,  Ent.  Mo.  Mag.,  XXVIII,  p.  71,  Mar.  1892.* 

Lecanium  oleœ  Bernard. 

Chermes  oleœ  Bernard,  Mem.  d*  Hist.  Nat.  Acad.,  108,  pi.  2,  fig.  25,  (1782). 
Coccus  oUœ  Olivier,  Encycl.  Method.,  95,  6,  (1791). 

do         Giovene,  Mem.  Soc.  Italie,  vol.  XIV,  p.  128,  (1809). 
do         Fonsoolombe,  Soc.  Ent.  Fr.,  p.  206,  (1834). 
do         (ez.  p.)  Costo  (A.),  Insetti  dell'  Olivo,  etc.,  p.  111,  (1840). 
Lecanium  oleœ  Walker,  List  of  Hompt.  in  the  Coll.  of  Brit.  Mus.,  P.  IV,  p.  1070, 
(1862). 
do  Boisduval,  Entom.  Hortic,  319,  fig.  38,  (  1867). 

do  Targioni-Tozzetti,  Catalogo,  etc.,  pp.  39-22,  (1868). 

do  Signoret,  Essai  sur  les  Cochen,  p.  440,  (1873). 

do  Goureau,  Ann.  Soc.  Fr.,  2d  Série,  11. 

do  Costa  (A.),  Degl.  Insetti  che  Attacaca  T Albero  ed  il  Frutto  dell' 

Olivo,  p.  122,  pi.  IV,  A,  figs.  11,  12, 1877.* 
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Lecanium  oleœ  Comatock,  Rept.  Ent.,  in  Rept.  Coin.  Agr.  1880,  p.  336. 

do  Signoret,  Treatise  on  Ins.  Inj.  to  Frt.  and  Frt.  Trees,  by  M. 

Cooke,  Sacr.,  1881,  p.  35. 
do  Chapin,  Ist  Rept.  St.  Bd.  Hort.  Corn.  Cal.,  pp.  65-68, 1882.* 

Pac.  Rural  Press,  Sept.  28-Nov.  24,  1882.* 
do  Hubbard,  Ins.  aff.  Orange,  U.  8.  Dept.  Ent.  1885,  p.  53. 

do  Riley,  Bull.  12  (O.  S.),  Div.  Ent.  U.  S.  D.  A.,  pp.  34^-36, 1885, 

(1886).* 
do  Maskell,  Soa.  Ins.  New  Zealand,  p.  82,  (1887). 

do  Penzig,Studi  Botan.  Agrumi,  etc.  (Ann.  Min.  Agr.),  p.  527,(1887). 

do  Douglas,  Ent.  Mo.  Mag.,  XXVII,  pp.  307,  308,  Nov.  1891.* 

do  Coquillett,U.  S.  Dept.  Agr. Div.  Ent.,Bull.  No.  26, p.  28-33, (1882). 

do  Berlese,  Riv,  Pat.  Veg.,  I,  p.  62  (58-70),  1892.* 

Riv.  Pat.  Veg.,  III,  Nos.  1-8, 1803.* 
do  Cockerell,  Trans.  An.  Soc.  Ent.,  p.  55,  (Apr.  1893). 

do  Craw,  Cal.  St.  Bd.  Hort.  Rept,  pp.  90-96,  (1893-'91). 

do  Cockerell,  Can,  Ent.,  vol. ,  p.  44,  ( ). 

do  Berleae,  Le  Cocciniglie  Italiane,  part  II,  p.  120,  (189i). 

do  Cockerell,  Bull.  Bot.  Dept.  Jamaica,  I,  p.  V,  p.  72,  (  May,  1894  ). 

Journ.  Trin.  Field  Nat.  Club,  I,  p.  307,  No.  7,  Feb.  1894.* 

Joum.  Trin.  Field  Nat.  Club,  I,  No.  12.  p.  307,  (1894). 

Amer.  Nat.,  XXIX,  p.  727,  Aug.  1895.* 
do  Gillette,  Colo.  Agr.  Exp.  Sta.,  Bull.  No.  31,  Tech.  Ser.,  No.  1, 

p.  127,  (1895). 
do  Toumey,  Ariz.  Sta.,  Bull.  14,  pp.  29-^,  (1895). 

do  Baccardo,  Riv.  Pat.  Veg.,  IV,  pp.  48,  49,  1895,  (  1895-'96).* 

do  Ckll.,  Appz.  Bull.  Mise.  Information  (Trinidad),  II,  pp.  III  and 

IV,  No.  23,  Apr.  1896.* 
do  Marlatt,  Year-book  Dept.  Agr.,  p.  220,  (  1896). 

do  Ckll.,  Cal.  Fruit  Grower,  XX,  May  8,  1897,  p.  4.* 

do  Maskell,  Tr.  N.  Zeal.  Inst.,  XXIX,  pp.  309,  310, 1896,  (1897).* 

do  Gree^,  Ent.  Mo.  Mag.,  XXXIII,  p.  72,  Mar.  1897.* 

do  Lea,  Producers'  Gaz.  and  Settlers'  Rec.  (W.  Aus.),  5,  No.  6,  pp. 

465-483,  (1898). 
do  Froggart ,  Agr.  Gaz.  N.  S.  Wales,  9,  No.  10,  pp.  1216-1221,  (  1898 }. 

do  Leonardi,  Lab.  di.  Ent.  Agr.  in  Portici,  p.  7,  (1899). 

do  Hunter,  K.  U.  Quart,  vol.  VIII,  No.  2,  p,  75,  (1899). 

do  Guercio,  Atti  R.  Accad.  Econ.  Agr.  Georg.  Firenze,  4  ser.,  22, 

No.  1,  pp.  50-76,  (1899). 
do  Morgan,  La.  Sta.,  8p.  Bull.  —,  pp.  51-110,  (  1899). 

do  Cockerell  and  Parrott,  Industrialist,  Mar.  1899,  p.  163. 

do  Fuller,  Tr.  Ent.  Soo.  London,  1899,  part  IV,  pp.  459,  460.* 

do  Gossard,  Fia.  Agr.  Exp.  Sta.,  Bull.  No.  51,  p.  115,  (Jan.  1900). 

JLecaniodiaspis  (  ?)  parrottL 

Lecaniodiaspis  parroiti  Hunter,  K.  U.  Quart,  vol.  8,  No.  2,  p.  76,  (1899). 

Lecaniodiaspis  celtidia  pruinosus, 
Lecaniodiaapis  oeltidis  pruinosus  Hunter,  K.  U.  Quart.,  vol.  8,  No.  2,  p.  77, 
(1899). 
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Chianaspis  artholohis» 

Chionaspis  ortholobis  Comstock,  Rept.  Ent.,  in  Kept.  Com.  Agr.,  p.  317,  (1880). 

2d  Rept.  Dept.  Ent.,  Corn.  U.  Ezp.  Sta.,  p. 
105,  (1883.) 
do  Packard,  5th  Rept.  U.  S.  Ent.  Com.,  p.  594,  (1890). 

do  Cockerell,  Can.  Ent.,  toI.  XXVI,  p.  189,  (1894). 

do  Howard^  Idb.  Life,  vol.  VI,  p.  328,  (1894). 

do  Gillette  and  Baker,  Hemipt.  of  Colo.,  p.  129,  (1895). 

do  Cookerell,  Bull.  24,  N.  M.  Agr.  Exp.  Sta.,  p.  38,  (1897). 

dp  Osborn,  Contr.  from  Dept.  Zool.  and  Ent.,  lowa  Agr. 

Coll.,  No.  3,  p.  5,  (1898). 
do  Cooley,  Hatoh  Exp.  Sta.,  Mass.  Agr.  Coll.,  Spec.  Bull., 

pp.  17, 18,  (1899). 
do  Hunter,  K.  U.  Quart.,  vol.  9,  No.  2,  p.  101,  (1899). 

do  Newell,  Bull.  lowa  Agr.  Sta.  No.  43,  pp.  154, 155,  (1899). 

do  Kiog,  Psyohe,  IX,  p.  117,  Oct.  1900. 

Chionaspia  salicis-nigrœ. 

Aspidiotus  Balicia-nigrœ  Walsh,  Ist  Rept.  Nox.  Ins.  111.,  p.  39,  (1867). 
Mytilaspia  aalicis  Le  Baron,  Trans.  111.  Hort.  Soc,  App.,  p.  140,  (1871). 

2d  Rept.  St.  Ent.  111.,  p.  140,  (1872). 
Chionaêpiê  êalicia  Cometock,  Rept.  U.  S.  Dept.  Agr.,  p.  320,  (1881). 

do  Osborn,  Trane.  lowa  St.  Hort.  Soc.,  vol.  XVII,  p.  214,  (1882). 

do  Comstock,  2d  Rept.  Ent.,  Corn.  U.  Exp.  Sta.,  p.  106,  (1883). 

Intro.  Ent.,  part  I,  p.  151,  (1888). 
do  Packard,  5th  Rept.  U.  S.  Ent.  Com.,  p.  593,  (1890). 

Myiilaapiê  salicis  Forbes,  17th  Rept.  Nox.  and  Benif .  Ins.  111. ,  App. ,  p.  23,  (  1891  ). 
ChioncLêpis  aalicia  Lugger,  Bull.  43,  Minn.  Agr.  Exp.  Sta.,  p.  224,  (1895). 

do         aalicia-nigrœ  Gillette  and  Baker,  Bull.  31,  Colo.  Exp.  Sta.,  p.  129, 
May,  1895.* 
Chionaapia  aalicia  Lugger,  Ist  Ann.  Rept.  Ent.  Minn.,  p.  128,  (1895). 

do  Osborn,  Proc.  lowa  Acad.  Sci.,  vol.  V,  p.  224,  (1898). 

Contr.  from  Dept.  Zool.  and  Ent.  lowa  Agr.  Coll., 
No.3,  p.  4,  (1898). 
Chionaapia  ortholobia  bruneri  Cockerell,  Can.  Ent.,  vol.  XXX,  p.  135,  (1898). 
Chionaapia  aalicia-nfgrœ  Cooley,  Hatch  Exp.  Sta.  Mass.,  Spec.  Bull.,  pp.  19-22, 

(Aug.,  1899). 
do  Hunter,  K.  U.  Quart.,  vol.  9,  No.  2,  p.  101,  (1899). 

Chionaspis  atnericana. 

Chionaapia  americana  (Johnson  MS.),  Howard,  Bull.  U.  S.  Dept.  Agr.,  Div. 

Ent.,  Tech.  Ser.,  No.  1,  p.  44,  (1895). 
do  Lugger,  Minn.  Sta.  Bull.  43,  p.  —,  (1895). 

do  Johnson,  Ent.  News,  vol.  VII,  p.  150,  (1896). 

do  Johnson,  Bull.  111.  St.  Lab.  Nat.  Hist.,  vol.  IV,  p.  390, 

(1896). 
do  Johnson,  Bull.  6,  n.  s.,  Div.  Ent.  U.  S.  Dept.  Agr., 

p.  177,  1896. 
do  Lugger,  Ist  Ann.  Rept.  Ent.  Minn.,  p.  129,  (1896). 

do  Cooley,  Hatch  Exp.  Sta.,  Mass.  Agr.  Coll.,  Spec.  Bull., 

pp.  41-43,(1899). 
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Chionaspfs  americana  Hunter,  K.  U.  Quart.,  toI.  9,  No.  2,  p.  102,  (1890). 
do  Newell,  lowa  Sta.,  Bull.  43,  p.  152,  (1899). 

do  KiDg,  Psyché,  vol.  IX,  p.  117,  Oot.  1900. 

Chionaspis  platani. 

Chionaapia  platani  Cooley,  Hatch  Ezp.  Sta.,  Mass.  Agr.  Coll.,  Spec.  Bull.,. 

p.  36,  (Aug.  1899). 
do  Hunter,  K.  U.  Quart.,  vol.  9,  No.  2,  p.  102,  (1899). 

Chionaspia  pinifotiœ» 

Aspidiotua  pinifoliœ  Fitch,  Tr.  N.  Y.  St.  A^r.  Soc,  vol.  XV,  p.  488,  (1856). 

2d.  Rept.  Noz.  Benifrlns.  N.  Y.,  (1856). 
Tr.  N.  Y.  St.  Agr.  Soc.,  vol.  XVII,  p.  741,  (1858). 
4th  Bept.  Noz.  Benif.  Ins.  N.  Y.,  (1858). 
do  Walsh,  Pract.  Eut.,  vol.  I,  p.  90.  (1866). 

Mytilaapia  pinifoliœ  Le  Baron,  Ist  Ann.  Rept.  Noz.  Ins.  111.,  p.  83,  (1871). 

2d  Ann.  Rept.  Noz.  Ins.  111.,  p.  161,  (1872). 
do  Riley,  5th  Ann.  Rept.  Noz.  Benif.  Ins.  Mo.,  p.  97,  (1873). 

do  Bessey,  Rept.  lowa  St.  Agr.  Soc.  1874,  p.  232,  (1875). 

Chionaapia  pinifoliœ^  Comstock,  Ann.  Bept.  U.  S.  Dept.  Agr.,  1880,  p.  .318,. 

(1881). 
Mytilaapia  pinifoliœ  Packard,  Ins.  Inj.  to  Forest  and  Shade  Treee,  Bull.  7,  U. 

S.  Ent.  Com.,  p.  218,  (1881). 
Chionaapia  pinifoliœ  Riley,  Am.  Nat..  vol.  XVI,  p.  514,  (1882). 

do  Comstock,  2d  Rept.  Dept.  Ent.  in  Corn.  U.  Ezp.  Sta  ^ 

1883,  p.  105. 
do  Saunders,  Rept.  Ent.  Soc.  Ont.  1883,  p.  52,  (1881). 

do  Lintner,  2d  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  184,  (1885). 

5th  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  266,  (1889). 
Mytilaapia  pinifoliœ  Packard,  5th  Rept.  U.  S.  Ent.  Com.,  p.  805,  (1890). 
Chionaapia  pinifoliœ  Lintner,  7th  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  384,  (1891). 

9th  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  376,  (1893). 
do  Howard,  Bull.  U.  S.  Dept.  Agr.,  Div.  Ent,  Tech.  8er. 

No.  1,  pp.  13.  22,  52,(1895). 
do  Lintner,  Bull.  N.  Y.  St.Mus.,3,  No.  13,  pp. 267-^305,  (1895). 

do  Comstock,  Man.  Study  Ins.,  p.  174,  (1895). 

do  Gillette  and  Baker,  List  Hemipt.  Colo.,  Bull.  Colo.  Agr. 

Ezp.  Sta.  No.  31,  p.  129,  (1895). 
do  Ckll.,  Am.  Nat,  XXIX,  pp.  730,  731,  Aug.  1895. 

do  Lintner,  lOth  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  518,  (1895). 

do  Webster,  Ind.  Hort.  Rept  1896,  p.  16. 

do  Johnson,  Dept.  Agr.,  Div.  Ent,  pp.  75-78,  (1896). 

do  Lintner,  llth  Ann.  Rept  Inj.  Ins.  N.  Y.,  p.  203,  (1896). 

do  Cockerell,  Bull.  N.  M.  Agr.  Ezp.  Sta.  No.  24,  p.  38,  (1896). 

do  Barrows  and  Pettit,  Mich.  Sta.,  BulL  60,  pp.  339-436» 

(1897). 
do  Osborn,  Proc.  lowa  Acad.  Soi.,  vol.  V,  p.  224,,  (1898). 

do  Gillette,  Bull.  Colo.  Agr.  Ezp.  Sta.  No.  47,  p.  36,  (1896). 

do  Pettit,  Bull.  Mich.  Agr.  Ezp.  Sto.  No.  160,  p.  415,  (1898). 

do  Cooley,  Hatch  Ezp.  Sta.,  Mass.  Agr.  Coll.,  Spec.  Bull.,. 

pp.  30-34,  (Aug.  1899). 
do  Hunter,  K.  U.  Quart.,  vol.  IX,  No.  2,  p.  104,  (1899). 

do  King,  Can.  Ent.,  p.  252. 

do  Newell,  lowa  Sta.,  Bull.  43,  pp.  157, 158,  (1899). 
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Chionaspis  furfura. 

? HarriB,  Rep.  Ins.  of  Mass.  Inj.  Veg.,  p.  202,  (1841). 

Aapidiotus  furfurua  Fitch,  Trans.  N.  Y.  St.  Agr.  Soc,  vol.  XVI,  p.  352,  (1856). 
Aspidiotuë  cerasi  Fitch,  Trans.  N.  Y.  St.  Agr.  Soc,  vol.  XVI,  p.  368,  (1856). 
A  s jndioiua  furfurua  Fitch,  3d  Rept.  Nox.  and  other  Ins.,  p.  352,  (1857). 
Aapidioiua  ceraai  Fitch,  3d  Rept.  Nox.  and  other  Ins.,  p.  368,  (1857). 

? Harris,  Treat.  Ins.  Inj.  Veg.  (3d  éd.),  p.  254,  (1862). 

Coccua  f  harriaii  Walsh,  Pract.  Ent,  vol.  II,  p.  31,  (1866). 
Aapidioiua  harriaii  Walsh,  Pract.  Ent.,  vol.  II,  p.  119,  (1867). 

Ist  Rept.  Nox.  Ins.  111.,  pp.  36-53,  (1868). 
do  Riley,  Ist  Ann.  Rept.  Ins.  Mo.,  p.  7,  (1869). 

Am.  Ent,  vol.  II,  pp.  110-181,  (1870). 
do  2d  Ann.  Rept.  Ins.  Mo.,  p.  9,  (1870). 

do  Bethune,  Rept.  Ent.  Soc  Ont.,  I,  p.  303,  (1870). 

do  Glover,  Ann.  Rept.  U.  S.  Dept.  Agr.,  1870,  p.  88,  (1871). 

do  Bessey,  Rept.  lowa  St.  Agr.  Soc.  1874,  p.  232,  (1875). 

Diaspia  harriaii  Signoret,  Ann.  Soc.  Ent.  Fr.,  ser.  4,  vol.  XVI,  p.  604,  (1876). 
Aapidioiua  harriaii  Thomas,  7th  Rept.  Ins.  111.,  p.  108,  (1878). 
Chioriaapia  furfurua  Comstock,  Ann.  Rept.  U.  S.  Dept.  Agr.,  1880,  p.  315,  (1881). 
Diaapia  harriaii  Riley,  Am.  Nat.,  vol.  XV,  p.  487,  (1881). 
Chionaapia  furfurua  Lintner,  Ist  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  331,  (1882). 
Aapidioiua  harriaii  Packard,  Guide  Study  Ins.,  p.  530,  (1883). 
Vhionaapia  furfurua  Osborn,  Tr.  lowa  St.  Hort.  Soc,  vol.  XVII,  p.  211,  (1883). 
do  Hagen,  Can.  Ent.,  XVI,  pp.  161-ia3.  (1884).* 

do  Comstock,  Intro.  to  Ent.,  part  I,  p.  151,  (1888). 

do  Lintner,  4th  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  208,  (1888). 

do  Tryon,  Rept.  Ins.  and  Fung.  Pests,  No.  1,  p.  89,  (1889). 

do  Riley-Howard,  Ins.  Life,  vol.  I,  p.  324,  (1889). 

do  Lintner,  5th  Ann.  Rept.  Inj.  Ins.  N.  Y.,  pp.  300-326,  (  1889). 

Aapidioiua  ceraai  Saunders,  Ins.  Inj.  to  Fruits,  p.  204,  (1889). 
*'A  species  of  Coccua^*  Downing,  Fruits  and  Fruit- trees  of  America,  p.  66,  (1890). 
Chionaapia  furfurua  Riley-Howard,  Ins.  Life,  vol.  III,  p.  4,  (1890). 

do  Weed  (C.  M.),  Bull.  Ohio  Agr.  Exp.  Sta.,  vol.  III,  No.  4, 

p.  128,  (1890). 
do  Packard,  5th  Rept.  U.  S.  Ent.  Com.,  p.  537,  (1890). 

do  Weed  (C.  M.),  Ins.  Insecticides,  p.  66,  (1891). 

do  Townsend,  N.  Mex.  Sta.,  Bull.  No.  3,  p.  19,  (1891). 

do  Gillette,  Ins.  Life,  vol.  III,  p.  259,  (1891). 

do  Weed  (C.  M.),  Ann.  Rept.  Colum.  Hort.  Soc.  1890,  p.  16, 

(1891). 
do  Troop,  Trans.  Ind.  Hort.  Soc.  1891,  p.  75,  (1892). 

do  Morgan,  Ent.  Mo.  Mag.,  vol.  XXIX,  p.  16,  (1892). 

do  Webster,  Bull.  Ohio  Agr.  Exp.  Sta.  No.  45,  p.  208,  (1892). 

do  Lintner,  8th  Ann.  Rept.  Inj.  Ins.  N.  Y.,  pp.  293-299,  (  1893). 

do  Osborn,  Rept.  lowa  St.  Hort.  Soc,  XXVII, p.  122,  (1893). 

do  Marlatt,  Ins.  Life,  vol.  VII,  p.  120,  (1894). 

do  Smith,  Ann.  Rept.  N.  J.  Agr.  Exp.  Sta.,  1894,  p.  496,  (  1894  ). 

do  Bruner,  Ann.  Rept.  Neb.St.Hort.  Soc,  1894,  p.  175,(1894). 

do  Howard,  Ins.  Life,  vol.  VII,  p.  5,  (1894). 

do  Smith,  Ins.  Life,  vol.  VII,  p.  186,  (1891). 

do  Howard,  Can.  Ent,  vol.  XXVI,  p.  354,  (1894). 

lO-K.U.Qr.    A-Z3 
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Chionaapis  furfurua  Lintner,  Bull.  N.  Y.  8t.  Mus.  3,  No.  13,  pp.  266-006,  (1896). 
do  Howard,  Yearbook  U.  S.  Dept.  Agr.  1884,  p.  859,  (1896). 

do  Garman,  Ky.  Sta.  Rept.,  pp.  3^-67,  (1896). 

do  Lintner,  lOth  Ann.  Rept.  Inj.  Ins.  N.  Y.,  p.  618,  (1896). 

do  Webster,  Ind.  Hort.  Rept,  p.  7,  (1896). 

do  Fletoher,  Ann.  Rept.  Can.  Exp.  Farm,  1896,  p.  148,  (  1896). 

do  Hopkins,  Dept.  Agr.,  Div.  Ent.,  Bull.  No.  6,  n.  ■.,  PP- 

71-74,  (1896). 
do  Howard,  Tràns.  Mass.  Hort.  Soc.  1896,  p.  89,  (1896). 

do  Johnson,  Dept.  Agr.,  Div.  Ent,  Bull.  No.  6,  n.  s.,  pp. 

76-78,  (1896). 
do  Lintner,  llth  Ann.  Rept.  Inj.  Ins.  N.  Y.,  pp.  202,  271, 

288^  (1896). 
do  Garman,  8th  Ann.  Rept.  Ky.  Agr.  Exp.  SU.,  p.  37,  (1896). 

do  Smith,  Eoon.  Ent.,  p.  119,  (1896). 

do  Coons,  Rept.  Sec.  Bd.  Agr.  Conn.  1896,  p.  16,  (1896). 

do  Stames,  Bull.  Ga.  Agr.  Exp.  Sta.  No.  36,  p.  27,  (1897). 

do  Lowe,  Bull.  N.  Y.  Agr.  Exp.  Sta.,  p.  682,  (1897). 

do  Starnes,  Ga.  Sta.,  Bull.  36,  (1897). 

do  Lintner,  12th  Ann.  Rep.  Inj.  Ins.  N.  Y.,  p.  348,  (1897). 

do  Webster,  Bull.  Ohio  Agr.  Exp.  Sta.  No.  81,  p.  210,  (1897). 

do  Lintner,  Country  Gentleman,  July  8, 1897. 

do  Osborn,  Proc.  lowa  Acad.  Sci.,  vol.  V,  p.  224,  (1896). 

do  Parrott,  Trans.  Ks.  St  Hort  Soc.,  toI.  23,  pp.  106-109, 

(1898). 
do  Gillette,  Bull.  Colo.  Agr.  Exp.  Sta.  No.  47,  p.  12,  (1898). 

do  Barrows  and  Pettit,  Mich.  Sta.,  Bull.  No.  160,  p.  416, 

(1898). 
do  Kirkland,  Mass.  Crop  Rep.,  June,  1898,  p.  28,  (1898). 

do  Pettit,  Bull.  Mich.  Agr.  Exp.  Sta.,  p.  416,  (1898). 

do  Osborn,  Contr.  f rom  Dept  Zool.  and  Ent. ,  lowa  Agr.  Coll. , 

No.  3,  p.  4,  (1898). 
do  Bruner,  Ins.  Enemies  Apple  Tree.  p.  147,  (1899). 

do  var.  fulvua  King,  Psyché,  vol.  VIII,  p.  334,  (  1899). 

King,  Can.  Ent.,  p.  261,  (18—). 
do  Cooley,  Hatch  Exp.  Sta.,  Mass.  Agr.  Coll.,  p.  23,  (Aug. 

10,  1899). 
do  Fernald,  Corn.  Pa.  Dept  Agr.,  Bull.  No.  43,  p.  18,  (1899). 

do  Troop,  Ind.  Agr.  Exp.  Sta.,  Bull.  78,  vol.  X,  (1899). 

do  Smith,  N.J.  Agr.  Coll.  Exp.  Sto.,  Bull.  No.  140,  p.  7,  (1899). 

do  Johnson,  U.  S.  Dept.  Agr.,  Div.  Ent,  Bull.  20,  n.  s., 

pp.  62-68,  (1899). 
do  King,  Can.  Ent.,  p.  261,  (18—). 

do  Reh,  Mitt.  Naturh.  Mus.  Hamburg,  XVI,  pp.  126-141, 

(Mar.  1899). 
do  Newell,  lowa  Sta.,  Bull.  43,  pp.  160-162,  (1899). 

do  Felt,  Bull.  N.  Y.  St  Mus.,  vol.  6,  No.  31,  p.  678,  (1900). 

do  Lochhead,  Ont.  Dept  of  Agr.,  p.  42,  (Mar.  1900). 

do  Chambliss,  Tenu.  Sta.  Bull.,  vol.  X,  No.  4,  pp.  141-161, 

(18-). 
do  Frank  and  Krùger,  Schildlausbuch,  pp.  100, 101, 1900. 

do  Cockerell,  Science,  XI,  n.  s.,  p.  671,  Apr.  27,  1900. 
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Pulvinaria  innumerabilis. 

Coccus  innumerabilU  Bathvon,  Pa.  Farm.  Joura.,  vol.  IV.,  pp.  256-258,  (1854). 
Lecanium  acericorticia  Pitch,  Trans.  N.  Y.  St.  Agr.  Soc.,  1859,  vol.  XIX,  pp. 

775,  776,  (1860). 
Coccus  aceris  Leidy,  Bept.  to  Councils  Phila.  on  Idb.  Inj.  to  Shade-trees,  1862. 
Lecanium  acericola  Walsh  and  Biley,  Amer.  Ent.,  vol.  I,  pp.  14, 15,  (1868).    (  A 

wrong  détermination.) 
Lecanium  maclurœ  Walsh  and  Riley,  Amer.  Ent.  vol.  I,  p.  14,  (1868). 
Lecanium  acerella  Rathvon,  Lancaster  Farmer,  vol.  VIII,  pp.  101, 102,  (1876). 
Pulvinaria  innumerabilis  Cometock,  Rept.  Ent,  in  Rept.  Com.  Agr.  1880,  p. 

334,  (1880). 
2d  Rept.  Dept.  Ent.  in  Corn.  Univ.  Exp. 
Sta.,p.  137,  (1883). 
do  Mann,  Psyché,  IV,  p.  224,  (1884). 

do  Saunders  and  Mundt,  Can.  Ent.,  vol.  16,  pp.  141, 

143,  210,  211,  240,  (1884). 
do  Riley,  Rept.  U.  S.  Ent.,  pp.  350-355,  (1855).* 

do  Weed,  Ohio  Sta.  Bull.,  vol.  III,  No.  11,  2d  ser.,  p. 

72,(1890).* 
do  Garman,  Ky.  Sta.,  Bull.  No.  39,  p.  11,  (1892). 

Ky.  Sta.,  Bull.  No.  47,  pp.  3-53,  (1893). 
do  Cockerell,  Science,  XXII,  p.  78,  (1893).* 

do  Smith,  Rept.  Ent.,  N.  J.  Agr.  Exp.  Sta.,  pp.  505-509, 

(1894). 
do  Lugger,  Minn.  Sta.,  Bull.  43,  pp.  99-252,  (1895). 

do  Lintner,  Bull.  N.  Y.  St.  Mus.,  3,  No.  13,  pp.  267- 

305,  (1895). 
do  Johnson,  Pa.  Dept.  Agr.  Rept.,  pp.  345-373,  (1896). 

do  Hubbard,  Proc.  Ent.  Soc.  Washington,  vol.  III,  p. 

319,  (1896). 
do  Cockerell,  Ent.,  vol.  XXX,  No.  404,  pp.  12-14,  (1897). 

do  Gillette,  Colo.  Sta.  Rept.,  pp.  55-61,  (1897). 

do  Hunter,   Bull.  Dept.   Ent.  Univ.   Kan.,  pp.  25-27, 

(1898). 
do  Felt,  Bull.  N.  Y.  St.  Mus.,  vol.  V,  No.  23,  p.  239, 

(1898). 
do  Hopkins,  Dept.  Agr.,  Dlv.  Ent.,  Bull.  17,  n.  s.,  pp. 

44-49,  (1898). 
do  Felt,  Ext.  from  4th  Ann.  Rept.  Com.  on  Fishes,  etc., 

p.  29,  (1898). 
do  Gillette,  Colo.  Agr.  St.  Exp.  Sta.,  Bull.  47,  p.  33, 

(1898). 
do  Felt,  Bull.  N.  Y.  St.  Mus.,  vol.  VI,  No.  27,  p.  52, 

(1899). 
do  Ckll.  andParrott,  Industrialist,  p.  281,  (1899). 

do  Smith,  Rept.  Ent.,  N.  J.  Coll.  Exp.  Sta.,  p.  446, 

(1899). 
do  Hunter,  K.  U.  Quart.,  vol.  IX,  No.  2,  p.  104,  (1899). 

do  Newell,  lowa  Sta.,  Bull.  43,  pp.  170-172,  (1899). 

do  King,  Can.  Ent.,  vol.  XXXI,  p.  142,  (1899). 

do  Howard,  Bull.  No.  22,  n.  s.,  U.  S.  Dept.  Agr.,  Div. 

Ent.,p.  7,  (1900). 
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Pulvinaria  innumerabilis  Felt,  Bull.  N.  Y.  St.  Mus.,  vol.  VI,  No.  31,  p.  581, 

(1900). 
do  King,  Psyché,  vol.  IX,  p.  117,  (1900). 

do  Brown,  Bull.  Wis.  Nat.  Hist.  Soc.,  I,  No.  1,  pp.  65- 

67,  (1900).* 
do  King,  Psyché,  p.  154,  (1901).* 

do  Hillman,  Nev.  Sta.,  Bull.  36. 

do  Chambliss,  Tenn.  Sta.  Bull.,  vol.  X,  No.  4,  pp.  141- 

151. 
do  Piper  and  Doane,  Wash.  Sta.,  Bull.  36. 

do  Piper,  Wash.  Sta.,  Bull.  1,  pp.  121-127. 

Pulvinaria  pruni. 

Pulvinaria  pruni  Hunter,  K.  U.  Quart.,  vol.  IX,  No.  2,  p.  104,  (1899). 

Parlatùria  perganrlei. 

Parlatoria  pergandei  Comstock,  Rept.  Eut.  in  Rept.  Com.  Agr.  1880,  p.  .^fâ7. 
do  Comstock,  2d  Rept.  Dept.  Eut.  Corn.  Univ.  Exp.  Sta., 

1883,  p.  113. 
do  Hubbard,  Ins.  aff.  Orange,  U.  S.  Dept.  Ent.,  1885,  p.  37. 

do  Green,  Ent.  Monthly,  ser.  2,  7,  No.  74,  p.  41,  (1896). 

The  following  synonymy  is  taken  f rom  C.  L.  Marlatt's  MSS.  of  March  2, 1900  : 

Pergandei  Comst.  (merges  mto  proteua  Curt.) 
Syn.  var.  camelliœ  Comst. 

"  var.  croionis  Ckll. 

"  var.  afflnië  Newst. 

'*  var.  calianthina  B.  &  L.  (not  seen;  ?  var.  (heœ  Ckll.) 

"  var.  theœ  Ckll.  (  ?  calianthina  B.  &  L.) 

*'  (?)  dryandrœ  Full. 

**  var.  euonymi  Ckll. 

t>  myrtua  Mask. 

**  (^)  piitaspori'M.aBk, 

*'  sinenaia  Mask. 

**  var.  viridia  Ckll. 

**  var.  vireacena  Mask. 

**  viridia  Full. 

Parlatoria  pergandei  Morgan,  La.  Sta.,  Bull.  28,  2d  ser.,  pp.  —,  (18—). 

La.  Sta.,  Sp.  Bull.,  pp.  —,  (18—). 
Parlatoria proieua  Curt.,  var.  pergandei  Comst.,  King.  Can.  Ent.,  vol.  —,  p.  228. 
Parlatoria  pergandei  Reh.,  Zeitschrift  fiir  Entom.,  vol.  V,  p.  162,  June,  1900.* 
do  Ckll.,  Amer.  Nat.,  July,  1897,  p.  592.* 

do  Craw,  Rept.  Bd.  Hort.  Cal.,  vol.  V,  pp.  41,  42,  pi.  VIII, 

fig.  5,  1895-'96.* 

Kertnen  nivalis. 

Kermea  nivalia  King  and  Ckll.,  Ann.  and  Mag.  Nat.  Hist.,  ser.  7,  vol.  II,  1896. 
do  King,  Can.  Ent.,  p.  139,  (1899),  vol.  XXXI. 

Psyché,  p.  80,  July,  1900. 
do  Ckll.,  Psyché,  IX,  p.  44,  Apr.  1900.* 
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Kentnes  pubescens, 

JCermea  pube8cen8  Bogue,  Can.  £nt.,  vol.  30,  No.  7,  p.  172,  (1898). 
do  King,  Can.  En  t.,  p.  139. 

Psyché,  p.  80,  July,  1900. 
do  Ckll,  Psyché,  IX,  p.  44,  Apr.  1900.* 

Orthesia  graminis. 

Ortheaia  graminia  Tinsley,  Can.  Ent.,  vol.  30,  No.  1,  p.  13,  (1898). 

NoTB.— To  the  list  of  food-plants  Miss  Etta  Willett,  a  stadent  of  this  department,  added  a 
Dtimber,  an  exact  account  of  whlch  was  not  taken  at  the  time. 


APPENDIX. 

Other  Ooecidœ  Beported  from  Kanaas. 

Kermès  concinnulue  Ckll.,  Cockerell,  on  oak,  Can.  Ent.,  p.  172,  (1898). 
Aspidiotus  marladi  Parrott,  on  Andropogon  scoparius  and   Andropogon 

furcatuSf  Can.  Ent.,  p.  282,  (1899). 
Antonina  nortoni  Parrott  and  Ckll.,  on  Bouteloua  racemoaa,  Can.  Ent.,  Oct. 

(1^9). 
Lecanium  longulum  Dougl.,  Parrott,  Industrialist,  p.  39,  (1899). 
Lecanium  pruinoaum  Comst.,  ibid. 
Aspidiotus  cyanophylli  Sign.,  ibid. 
Aulacaapia  boiaduvalii  Sign.,  ibid. 
Parlatoria  proteua  Curt.,  ibid. 

Aspidiotua  helianthi  Parrott,  Can.  Ent.,  vol.  31,  p.  176  (1899). 
Antonina  boutelouœ  Parrott,  on  Bouteloua  hirauta,  Parrott,  Kan.  Agr.  Coll. 

Bull.  No.  98,  p.  138,  (1900). 
Antonina  purpurea  Sign.,  on  Milium  and  Agripyrum^  ibid. 
Antonina  graminia  Parrott,  on  Eragrotia  trichodea,  Bulbilia  dactyloides, 

Paspalum  ciliatifolium^  ibid.,  p.  140. 
Oymnococua  nativus  Parrott,  on  Sporobolus  cryptandrus,  ibid.,  p.  143. 
Pseudolecanium  obscurum  Parrott,  on  Androgopon  scopariua  and  Sporo- 

bolia  longifoliua,  ibid.,  p.  145. 
Pseudolecanium  californicum,  Ehrhorn,  on  Androgopon   furcatus,  ibid., 

p.  145. 
Ericoccua  kemptonia  Parrott,  ibid.,  p.  144. 
Palv inaria  hunteri,  on  maple,  King,  MS. 

Labobatort  of  Comparative  Zooloot  and  Entomoloot, 
Jaly,  1901. 
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PLATE  VIII. 


FiG.  \,— Kermès  pubestenn  on  Quercun  alba^  Lawreoce. 


FiG.  2.— Kermès  nivalis  on  Quercvs  afba,  Lawrence. 


FiG.  3. — Ventral  view  of  Orthezia 
graminis  on  g^ldenrod  {Solidacjo  sp.), 
without  posteriorly  elongated  egg  sac. 
Mrs.  S.  G.  Cady,  col.,  Blue  Rapids, 
Marshall  county. 


FiG.  4.— Dorsal  view  of  Orthezia 
f/raminis,  showing  posteriorly  elon- 
gated egg  sac. 


Photographs  bf/  Ihe  author. 
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BIBLIOQBAPHY  OF  SOIENTIFIO  PUBLICATIONS  BY  MEM- 
BEBS  OF  THE  UNIVEBSITY  OF  KANSAS. 


FIRST  SUPPLEMENT. 

npHERE  was  published  in  this  ioumal,  séries  A,  Volume  VIII, 

^   No.  4,  October,  1899,  a  bibliography  of  the  scientific  publications 

by  members  of  the  University  of  Kansas.    In  the  présent  supplemen- 

tary  list  this  bibliography  is  corrected  in  a  f ew  places  and  brought  up 

to  date. 

Aldrich,  John  M. 

B.  S.  (South  Dakota  ARricultural  Collefire,  1888);  M.  S.  (same,  1891,  and  Udî- 
▼ersity  of  Kansas,  1893).  Professor  of  Zoology  and  Entomologist  of  Agricultural 
Experiment  Station,  University  of  Idaho,  1893. 

1892  —  1.  A  New  Genus  and  Species  of  Tabanidœ  ;  Psyché,  pp.  236,  237, 1  ûg^ 

2.  New  Species  of  Phora  ;  Canadian  Entomologist,  pp.  142-14C,  figs. 

3.  The  Systematic  Position  of  the  Diptera;  Science,  New  York. 

4.  Révision  of  the  Gênera  Doiiohopus  and  Hygroceleuthus;  this  journal». 

pp.  1-26, 1  pL 

5.  New  Gtonera  and  Species  of  Psilopinœ  ;  this  journal,  pp.  47-50. 

6.  The  Dolichopodid  Genus  Liancalus  Loew  ;  Psyché,  pp.  569-571. 

1894  —  7.  New  Gênera  and  Bpeoiesof  Dolichopodidœ  ;  this  journal,  pp.  151-157. 

8.   Courtship  among  the  Flies;  Amer.  Nat.,  pp.  35-^37. 

1895  —  9.   The  Tipulid  Gênera  Bittacomorpha  and  Pedicia;  Psyché,  pp.  200, 202, 

Ifig. 

1896 — 10.   A  Collection  of  Diptera  from  Indiana  Caves  ;  21st  Annual  Report  of ' 
the  Gleology  and  Natural  Resources  of  Indiana,  1  fig. 

11.  The  Dipterous  Gênera  Taohy trechus  and  Macellocerus  ;  Trans.  Amer. 

Ent.  Soc.,  pp.  81-84. 

12.  On  the  Diptera  of  St.  Vincent  (  Dolichopodid»  and  Phoridœ);  Trans. 

Ent.  Soc.  Lond.,  pp.  309-345  and  435-439. 

1899—13.   A  Balloon-makinff  Fly  (published  witb  L.  A.  Turley);  Amer.  Nat.,  pp^ 
809-812,  with  illustrations. 
14.  Goniops  and  other  Synonyms  ;  Ent.  News,  p.  531. 
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Bailey,  Edgar  Hbnry  Summbrfibld. 
(Continued  from  yoI.  Tiii  A,  p.  140.) 

1900—53.  A  ComparisoD  of  the  Chemical  CoDstituents  and  Nutritive  Values  of 
Native  aod  Cultivated  Grasses  ;  Quar.  Rep.  Kans.  St.  Bd.  Agric, 
March. 

54.  The  New  Chemical  Laboratory  of  the  UDiversity  of  Kansas  ;  Science, 

N.  S.,  xii,  No.  313,  Dec.  28,  pp.  »97-1001,  fig.  6. 

55.  On  the  Softening  of  Public  Wa ter- supplies,  with  some  Analyses  of  a 

Récent  Process;  Proc.  Kans.  Gas,  Water  and  Elec.  Lt.  Assoc.,  pp. 
18-26. 

1901—56.  Expérimente  on  the  Relative  Heating  Power  of  Coal  and  Illuminating 
Gas;  Trans.  Kans.  Acad.  Sci.,  xvii,  pp.  35-38,  fig  1. 

57.  A  Liaboratory  Guide  to  the  Study  of  Qualitative  Chemical  Analysis; 

200  pp.,  (with  H.  P.  Cady)  ;  P.  Blakiston's  Son  &  Co.,  Phila. 

58.  The  Development  of  the  Incandescent  Gas  Lighting  Industry  ;  Proc. 

Kans.  Gas,  Water  and  Elect.  Lt.  Assoc,  pp.  22-29. 

BartoWy  Et>ward. 

(Coatinoed  from  toI.  Tiii  A,  p.  140.) 

1898  —  4.   Analyses  of  Fort  Scott  Cernent  Rocks;  Kans.Univ.  Greol.  Surv.,iii,p.33. 

1900  —  5.   Classification  of   Organic  Remédies;  Organic  Materia  Medica  and 

Pharmacognosy,  by  Prof.  L.  E.  Sayre,  Phila.,  1900,  pp.  26-36. 

6.  Mioroscopic  Comparison  of  Samples  of  White  Arsenic;  this  journal, 
ix.  A,  pp.  245-247,  pis.  xlvi-zlviii.  Reprinted,  Amer.  Micros. 
Jour. 

1901  —  7.   Blunder  in  Caring  for  Parts  of  a  Body  Intended  for  Chemical  Exami- 

nation  ;  Médical  Record,  (New  York.) 

8.  Action  of  Liquid  Anhydrous  Ammonia  on  Acid  Chlorids  and  Esters  ; 
this  journal,  x,  pp. (with  D.  F.  McFarland). 

Beede,  Joshua  William. 

(Continued  from  vol.  Tiii  A,  p.  140.) 

1897— la.  Stratigraphy  of  Shawnee  county  ;  Trans.  Kans.  Acad.  Soi.,  xv,  pp. 
27-34. 

1899  —  9.   Description  of  Some  New  Forme  of  Pseudomonotis  from  the  Upper 

Coal  Measures  of  Kansas  ;  this  journal,  viii,  pp.  79-84,  pis.  viii,  ix. 

10.  On  the  Corrélation  of  the  Coal  Measures  of  Kansas  and  Nebraska; 
Trans.  Kans.  Acad.  Sci.,  xvi,  pp.  70-84. 

1900—11.  Two  New  Crinoids  from  the  Kansas  Carboniferous;  this  journal,  ix, 
pp.  21-24,  pi.  V. 

12.   Carboniferous  Invertebrates ;  Univ.  Geol.  Surv.  Kans.,  vi,  pp.  1-187, 
pis.  i-xxii,  11  figs. 

1901—13.  A  Reconnaissance  in  the  Blue  Valley  Permian  ;  this  journal,  ix,  pp. 
191-262,  pi.  xliii. 

14.  Age  of  the  Kansas-Oklahoma  Red  Beds  ;  Amer.  GreoL,  xxviii,  pp.  46, 47. 

15.  Fauna  of  the  Permian  of  Central  United  States,  I  ;  Trans.  Kans.  Acad. 

Soi.,  xvii,  pp.  185-189,  pis.  xiii,  xiv. 

Blackmaiiy  Maulsby  Willbtt. 
A.  B.  (University  of  Kansas,  1901). 
1901  —  1.  Spermatogenesis  of  the  Myriapods,  I  ;  this  journal,  x  A,  pp.  61-76. 
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Blake,  Lucien  Ira. 
(Continaed  from  toL  Tiii  A,  p.  141.) 
1896—10.  Ad  Adjustable  Condenser  for  High  Potentiale;  Elec.  World,  Nov.  7, 1886. 
1899—11.  Electrolysis  of  Csst  Iron  Water  Maine;  Eleo.  World,  Dec.  16,  1899. 
12.  Professional  Degreee;  Elec.  World,  Nov.  4, 1899. 

1901 — 13.  The  Photometnr  of  Commercial  Illuminants.    Proc.  Kan.  Gas,  Watèr 
and  Elec.  Liight  Assoc,  Nov.  13, 1901. 

1902—14.  A  Simple  Photometer;  Elec.  World,  Jan.  18, 1902. 
Cady,  Hamilton  Perkins. 

(Continaed  from  toI.  vlii  A,  p.  142.) 

1900—10.   Détection  of  Arsenic,  Antimony,  and  Tin;  tbis  journal,  ix  A,  pp.  259- 
263. 

Crâne,  Walter  Richard. 

A.  B.  (Universityof  Kansas,  1895,  and  A.  M.,  1896);  Ph.  D.  (Columbia,  1901). 
Instructor,  Lawrence  High  School,  1896-*97;  Beloit  Ui^h  School,  1897-'98;  In- 
Rtructor  of  Manual  Training,  city  schools,  Janesville,  Wis.,  1898-'99;  Assistant 
Professor  of  Mining,  1899. 

1896  —  1.   Curvimeter;  this  journal,  iv,  p.  121. 

2.   Horsebacks  in  the  Kansas  Coal  Measures;  this  journal,  iv,  p.  145. 
1898  —  3.  Spécial  Report  on  Coal  ;  Univ.  Geol.  Surv.  Kans.,  iii,  part  2,  pp.  107-313. 

4.   Investigation  of  Magnetic  Fields  with  Référence  to  Ore  Concentration  ; 
Trans.  Amer.  Inst.  Min.  Enga.,  xzx,  pp.  — . 

1901  — 5.  Slime  Treatment;  Mines  and  Minerais,  1901,  p.  465. 

6.  Concentrating  Zinc-Lead  Ores;  Mines  and  Minerais,  Sept.,  1901,  p.  73. 

7.  Méthode  of  Prospecting  and  Mining  in  the  Galena  Joplin  District; 

Eng.  and  Mining  Journal,  Sept.  21,  1901,  p.  360. 

8.  A  Boiler  Explosion;  Mines  and  Minerais,  Nov.,  1901,  p.  175. 

9.  Mining  and  Milling  of  Gypsum  in  Kansas;  Eng.  and  Mining  Journal, 

Nov.  9,  1901,  p.  602. 
10.  Kansas  Coal  Mining  ;  Eng.  and  Mining  Journal,  Dec.  7, 1901,  p.  748. 

Dienier,  Hugo. 

M.  E.  (Ghio  State  University,  1896).  With  Bullock  Electric  Manufacturing 
Company,  Cincinnati,  and  Westingbouse  Electric  and  Manufacturing  Company, 
Pittsburg,  1896-'99;  in  charge  of  Mechanical  Department  A.  and  M.  Collège, 
Greensboro,  N.  C,  1899-1900;  Assistant  Professor  of  Mechanical  Engineering, 
Michigan  Agricultural  Collège,  1900-'01;  Associate  Professor  of  Mechanical  En- 
gineering, 1901. 

1900  —  1.  The  Purchasing  Department;  EDg.  Mag. 

2.  The  Classification  of  Shop  Orders;  Eng.  Mag. 

3.  The  Production  Department:  Bills  of  Material  ;  Eng.  Mag. 

4.  Tho  Production  Department:  Store-room  Management;  Eng.  Mag. 

5.  The  Production  Department  :  The  Execution  of  the  Work  ;  Eng.  Mag. 

6.  Practical  and  Accurate  Time-keeping  ;  Eng.  Mag. 

7.  The  Figuring  of  Total  Costs;  Eng.  Mag. 

1902  —  8.  Aids  in  Taking  Inventory  ;  Eng.  Mag. 

Dyclie,  Lewis  Lindsay. 
(  CoDtinned  from  vol.  viii  A,  p.  141.) 
1893  —  4a.  Mounting  Large  Mammals.    Scientific  American,  October  7. 
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Franklin,  Edward  Curtis. 
(Continaed  from  yol.  rili  A,  p.  115.) 

1899—10.  Metathetio  ReActioDS  between  CertaÎD  Salts  in  Solution   in   Liquid 
Ammonia;  Chem.  News  (London)  1899  (with  C.  A.  Kraus). 
11.   Some  Properties  of  Liquid  Ammonia;  Chem.  News,  1899.     Also,  Ice 
and  Réfrigération,  xxvi,  p.  439  (with  C.  A.  Kraus). 

19b0— 12.    The  Ck)nductivity  Température  Coefficient  of  Some  Liquid  Ammonia 
Solutions;  Amer.  Chem.  Jour.,  xxvi,  p.  83  (with  C.  A.  Kraus). 

1902—13.  ReactioDS  between  Aoid  and  Basic  Amides  in  Liquid  Ammonia  Solu- 
tions; Amer.  Chem.  Jour.,  Aug.,  1902  (with  O.  F.  Stafford). 
14.   loDic  Velocities  in  Liquid  Ammonia  (with  H.  P.  Cady).    Read  at 
Pittsburg  meeting  of  A.  A.  A.  S. 

Harris,  J.  Arthur. 

A.  B.  (Uoiversity  of  Kansas,  1901).  Graduate  Student,  University  of  Kansas, 
1901;  Botanical  Assistant,  Missouri  Botanical  Garden,  1901. 

1900  —  1.   Annotated  Catalogue  of  the  Crayfishes  of  Kansas;  this  journal,  ix  A, 

pp.  26:^274. 
2.   Annotated  Catalogue  of  the  Crayfishes  of  Kansas  (abstract);  Trans. 
Kans.  Acad.  Sci.,  xviii,  p.  115. 

1901  —  3.   Notes  on  the  Habits  of  Cambarus  immunis  Hagen;  Amer.  Nat.,  xxxv, 

pp.  187-191. 

4.  The  Dimorphism  of  Cambarus,  I  ;  this  journal,  x,  pp.  49-59. 

5.  Observations  on  the  So  called  Dimorphism  in  the  Maies  of  Cambarus 

Erichson  ;  Zool.  Anzeiger,  xxv,  pp.  683-689. 

6.  Normal  and  Teratological  Thorns  of  Gleditsohia  triacanthos  L.,  with 

5  pis.;  Trans.  Acad.  Sci.  St.  Louis,  xi,  pp.  215-222. 

Havenhtll,  L.  D. 

Ph.  C,  1893,  Ph.  M.,  1894  (University  of  Michigan).  Assistant  in  Pharmacj 
and  Pharmacognosy,  University  of  Michigan,  1893-'94;  Analytical  Chemist  with 
Dr.  A.  B.  LyoDS,  Honolulu,  H.  I.,  1894-'95;  Pharmacist  with  J.  B.  Chase,  Au- 
rora,  111.,  1895-'96;  Chemist  with  the  Chicago  &  Aurora  Smelting  and  Refin- 
ing  Company,  Aurora,  111.,  1896-*99;  Assistant  Professer  of  Pharmacy,  University 
of  Kansas,  1899. 

1893  —  1.   Microscopical  Ëxamination  of  Mustard,  Cloves,  and  Pepper;   Proc. 

Mich.  St.  Pharm.  Assoc.,  pp.  22,  23. 

1894  —  2.   Expérimental  Work  on  the  Solvent  Power  of  Alooholio  Menstrua  ;  Proc. 

Amer.  Pharm.  Assoc,  xlii,  pp.  167-171. 

1900  —  3.   Pharmacy  for  Freshmen,  Havenhill  and  Sayre. 
Merck's  Report,  ix.  No.  2,  p.  52. 

•*  •»        "    No.  3,  pp.  100,  101. 

•»        '»    No.  5,  pp.  195-197. 
"  »*        »«    No.  7,  pp.  309-311. 

*'  »'        '*   No.  9.  pp.  409,  410. 

•»  »»        ••   No.  10,  pp.  450,  451. 

*»    No.  11,  pp.  500,  501. 
1901— 3a.  Merck's  Report,  x,  No.  1,  pp.  7,8. 

••       *'   No.  3,  pp.  84,  85. 
**       "No.  4,  p.  114. 
*»       "No.  6,  pp.  182,  laS. 
**  »*       •*    No.  8,  pp.  247-249. 

"    No.  10,  pp.  321,  322. 
4.   An  Extraction  Apparatus;  Drug.  Cire,  xlv,  No.  9,  p.  193. 
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Haworthy  Erasmus. 
(Continued  from  toI.  Tui  A«  p.  146.) 

1900—38.  AnDual  Report  on  Minerai  Resources  of  Kansas  for  1899.    Sixty-seven 

pages  and  five  plates. 
99.  Relations  between  the  Ozark  Uplift  and  Ore  Deposits;    Bul.  Geol. 

Soc.  Amer.,  zi,  pp.  231-240.    Read  December  30, 1899. 
40.  Metallic  Copper  from  the  Red  Beds  of  Oklahoma  ;  Bul.  Geol.  Soc. 

Amer.,  xii.    Read  June  30,  1900. 

1901 — 41.  Uses  of  Petroleum  and  Natural  Gas  in  Kansas;  Eng.  and  Min.  Jour., 
xxii,  p.  327,  September  14, 1901. 
42.   The  Gypsum  Cement-plaster  Industry  in  Kansas;  Eng.  and  Min. 
Jour.,  xxiii,  p.  37,  January  4, 1902. 

1902 — 43.   Annual  Report  on  Minerai  Resources  of  Kansas  for  1900-'01,  May, 
1902. 

Hunter,  Samubl  John. 
(CoDtinaed  from  toL  vlii  A,  p.  Itô.) 

1899 — 15.  Entomological  Législation  in  the  Intereets  of  Horticulture;  Trans. 
Kans.  St.  Hort.  Soc.,  xxiv,  pp.  66,  67, 1899. 
16.  The  Coccidœ  of  Kansas,  III;  this  journal,  ix.  A,  pp.  101-107,  pi.  xviii- 
xxiv. 

1900—17.  Alfalfa  Culture  and  Insect  Life;   Quart.  Rep.  Kans.  St.  Bd.  Agric, 
Mar.,  1900,  pp.  41-51,  5  pis.,  3  figs. 

18.  Some  Entomological  Problème  in  Horticulture;  Rep.  Colo.  St.  Bd. 

Hort.,  xi,  1899  (1900),  pp.  54-57,  66-69. 

19.  The  Melanopli  of  Kansas,  part  I  ;  Psyché,  ix,  pp.  63,  64,  June,  1900 

(with  W.  S.  Sutton). 

20.  The  Melanopli  of  Kansas,  part  II;  Psyché,  ix,  pp.  76-78,  July,  1900 

(with  W.  S.  SuttoD). 

21.  The  Melanopli  of  Kansas,  part  III;  Psyché,  ix,  pp.  88-90,  Aug.,  1900 

(with  W.  S.  Sutton). 

22.  Spray ing;  Trans.  Kans.  St.  Hort.  Soc,  xxv,  pp.  55-^57,  1900. 

1901—23.  On  the  Production  of  Artificial  Parthenogenesis  in  Arbacia  by  the  Use 
of  Sea  Water  Concentrated  bv  Evaporation;  Amer.  Jour.  Physi- 
ology,  vi,  pp.  178-180,  Nov.,  1901. 
24.   Coccidse  of  Kansas,  IV  ;  this  journal,  x,  pp.  107. 

Hyde,  Ida  H. 

(Continued  from  vol.  viii  A,  p.  148.) 

1900  —  7.   Collatéral  Circulation  in  the  Cat  after  Ligation  of  the  Postcava;  this 
journal,  ix,  A,  pp.  167-172. 

Kirk,  Mahlon  Zimri. 

1894 ~-l.   Report  of   Field  Work  in  Geology;  this  journal,   ii,  p.  99  (with  E. 
Haworth  and  W.  H.  H.  Piatt). 

1896—2.   The  Sands  of  the  Kansas  River  Valley;  this  journal,  iv,  p.  125. 

Kraiis,  C.  A. 

1899—1.   Metathetic  Réactions  between   Certain  Salts  in  Solution  in  Liquid 
Ammonia;  Chem.  News  (London),  1899  (with  E.  C.  Franklin). 
2.   Some  Properties  of  Liquid  Ammonia;  Chem.  News,  1899  (with  E.  C. 
Franklin). 

1900—3.  The  Conductivity  Température  Coefficient  of  Some  Liquid  Ammonia 
Solutions;  Amer.  Chem.  Jour.,  xxvi,  p.  83  (with  E.  C.  Franklin). 
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Lieigliton,  V.  L. 

18d5— 1.  Chemical  Analysis  of   CouDterfeit  Gold-dust;  this  jouinal,  iii,  pp. 
197-200  (with  H.  P.  Cady). 

Lewis,  OuvK  St.  C. 

1899  —  1.  Conversion  of  Calomel  into  Corrosive  Sublimate;  Proo.  Kans.  Pharm. 

Assoc,  XX,  p.  42. 

LiOgran,  W.  N. 

(Contlnoed  from  toL  yUI  A,  p.  150.) 

1900  —  5.  Stratigraphy  and  Invertebrate  Foesils  of  the  Juraasic  Formation  in  the 

Freeze-out  Hills  of  Wyoming;  this  journal,  ix,  pp.  10^134. 

Marvin,  Frank  Olin. 
(Continaed  from  yol.  Tiii  A,  p.  151.) 

1901—16.   The  Culture  Value  of  Engineering  Education;  Proc.  S.  P.  E.  E.,  ix, 
p.  13;  Science,  July  26;  Eng.  News,  xlvi,  p.  12;  Eng.  Record,  xlii, 
p.  32. 
17.   Water-Bupply  from  a  Sanitary  Standpoint;  Trans.  Kans.  Acad.  Soi., 


-Bupply 
1,  p.  54. 


xvii  _ 

Menke,  H.  W. 

1895—1.   Birds  of  Finney  County^  Kansas;  this  journal,  iii,  p.  119. 

Moody,  A.  E. 
1896—1.   Condition  of  Packing-house  Employées;  this  journal,  i7,  p.  41. 

Miller,  Ephbaim. 

(Continaed  from  vol.  vlii  A,  p.  152.) 

1900  —  9.  The  Corona  of  the  Sun  ;  Popular  Astronomy,  viii,  pp.  80-86. 

10.  The  same;  Trans.  Kans.  Acad.  Sci.,  xvii,  pp.  210-214. 

Morrisou,  Bessib  Growe. 

(Continoed  from  yol.  ▼iii  A,  p.  145.) 

1901  —  2.   Removal  of  any  Two  Terms  from  a  Binary  Quantic  by  Linear  Trans- 

formation; Amer.  Jour.  Math.,  xxii,  pp.  287-296. 

McCluiig',  Clarsnce  Erwin. 
(Continaed  from  toI.  viii  A,  p.  152.) 

1899—12.   The  Paraffin  Method  in  Hot  Weather;  Jour,  of  Appl.  Microe.,  ii,  p. 
588,  589. 

1900—13.   The  Spermatocyte  Divisions  of  the  Acrididaa;  this  journal,  ix  A,  pp. 
72-108. 

1901—14.  High-power  Photomicrography  ;  Jour,  of  Appl.  Micros.,  iv,  pp.  1158- 
1162. 

15.  The  Processes  of  Photomicrography;  Jour,  of  Appl.  Micros.,  iv,  pp. 

1199-1202. 

16.  Notes  on  the  Accessory  Chromosome;  Anat.  Anz.,  xx,  pp.  220-226. 

1902—17.   Laboratory  Equipment  for  Beginning  Course  in  Zoology;  Jour,  of 
Appl.  Micros.,  v,  3,  pp.  1677-1679. 
18.   The  Accessory  Chromosome— Sex  Déterminant?    Biological  Bulletin, 
iii,  pp.  43-84. 
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McFarland,  David  Ford. 

A.  B.  (Univeraity  of  Kansas,  1900).    Instructor  in  Chemistryt  1901. 

1901  —  1.  Action  of  Liquid  Ammonia  on  Acid  Chlorids  and  Esters;  this  joarnal, 
X  A,  pp.  79-85  (with  E.  Bartow). 

Neirson,  Henrt  Btron. 

(Conlinaed  from  toL  vili  A,  p.  154.) 

1900—18.  On  the  Construction  of  CoUineations  ;  this  journal,  iz  A,  pp.  65-72. 

19.  On  the  Volume  of  a  Polyhedron  ;  Annals  Math.  (3),  i,  pp.  108-111. 

20.  On  Singular  Transformations  in  Real  Projective  Qroups  ;  Bul.  Amer. 

Math.  Soc.  (2),  vi,  pp.  431-439. 

1901—21.  On  Indirect  Circular  Transformations  and  Mized  Groupe;  Bul.  Amer. 
Math.  Soo.  (2),  vii,  pp.  259-266. 
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Cossidae,  scales  of ,  iii,  86,  87. 
Cottonwood  Falls  Umestone,  iii,  279.  288,  234. 
Counterféit  gold  dust,  cbemical  analysis  of, 

iii.  197. 
Covariants  of  tbe  eubic,  ii,  88. 
Cragin,  F.  W.,  vU.  123. 
Crayfisbes  of  Kansas,  annotated  catalogue  of 

tbe.  ix,  268. 
Cretaceons,  some  flsb  teetb  from  tbe  Kansas, 
ix,  27. 
a  new  turtle  from  tbe  Benton,  iii,  5. 
flsbes,  new  species  of,  vii.  21,  117,  191. 
fisbes,  notice  of  tbree  new,  witb  remarks 

on  tbe  Saurodontida?  Cope,  viii,  107. 
invertebrates  of  Kansas,  some  additions 

to,  viii,  87. 
new  genus  of  flsbes  from  tbe  Niobrara, 

viii,  13. 
of  Kansas,  Pacbyrbisodus  minimns,  a  new 

species  of  flsb  from.  viii,  37. 
vertebrate  remains  from  tbe  lowermost, 
iii,  1. 
Cricotns,  vi  A,  258. 
Crinoids  from  tbe  Kansas  Carboniferous,  two 

new,  ix,  21. 
Crioprora  cyanogaster,  iii,  247. 
Criorrbina  umbratilis,  i,  38. 
Critic  centers  of  a  System  of  qnartics,  i,  66,  68. 
Crocodtlia,  iii.  3. 

Cryptogamic  plant  material,  vii,  111. 
Ctenopbora  angustipennis,  similis,  ii,  63. 
Cubics,  basai  points  of  a  system  of,  i.  52.  59. 
critic  centers  of  a  System  of.  i.  52,  53. 
cuspidal,  i,  50,  51. 
oodnl,  i.  49,  5(). 
Cubics  tbrough  uine  points,  x)encil  of,  x,  13. 
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CnprofiTOslarite,  a  new  yariety  of  zinc  solph- 

ate,  yiii,  105. 
Carapira,  ri,  12. 
Currimeter.  a,  iy.  121. 
Cjranocephalus  cyaDoc^phalas,  iii,  133. 
Cyrtopogon  dasyllis,  ii,  86. 


Dactylomyia,  ii,  151. 

gracilipes.  ii.  151. 
Dakota  Cretaceoaa  of  Kansas,  iii,  216. 
Danois  archippus,  ii,  51. 

clypeiisof,  ii,  51. 

dorsal  aspect  of  protiiorax  of,  iii,  137. 

epicraniam  of,  ii,  53. 

epi pharynx  of,  ii.  56. 

fized  parts  of  the  bead  of,  ii,  57. 

geneeof,  ii,  52. 

ffnlaof,  ii,  54. 

labial  palpi  of,  ii,  57. 

labiam  of,  ii,  57. 

labram  of,  ii,  54. 

maodiblesof,  ii,  53,  56. 

mazillœ  of,  ii,  56. 

moyable  parts  of  the  head  of,  ii,  53. 

occipatof,  ii,  53. 

pilifers  of,  ii.  55. 

poBtrgenee  otf  ii,  53. 

sderites  of  the  head  of,  ii,  51. 

tentorium  of.  ii,  54. 
Daptioos,  yii,  22. 

broadheadii,  yii,  24. 
Degenerate    cabics    of  peocil   throogh  nine 

points,  X,  11. 
Dansity  of  population  dépendent  upon  abon- 
dance of  food-snpply,  yii  B,  27. 
Demial  coyering  of  Hesperomis,  y,  53. 
Designing  of  cône  palleys,  yii,  41. 
Desmatochelyidflp,  iii,  5. 
Desmatochelys,  iii,  5. 

lowii,  iii,  5. 
Desmatuneura,  iii,  247. 

argeutifrons,  iii,  267. 
Desmatomyia,  iii,  268. 

anomale,  iii,  268. 
Détection  of  arsenic,  antimony,  and  tin,  ix, 

259. 
Diachlorus  caryipes,  iii,  193. 
Dialect  »tudy,  a  contribution  to,  i,  71. 

word-list,  i,  95,  137. 
Dialysis,  iii,  265. 

aldrichi.  iii,  265. 

dissimilis,  iii,  263. 

elongata,  iii,  265. 

mflthorax,  iii,  265. 
Hialysis  and  Triptotrieha,  iii,  263. 
Diaspis  snowii,  n.  sp.,  yiii,  14. 
Dichelacera  scntellata,  iii,  193. 
Didea  fnscipe».  iii.  238. 

laxa,  iii,  238. 
Dinictis,  sp,  iii,  17J. 

a  new  secies  of ,  from  the  White  Riyer  Mio- 
cène of  Wyoming,  iy,  237. 

paocidens  Riggs,  iy,  239. 


Dinotomius  atrox,  iii.  170. 

Direction  of  soand,  experiments  in  jadging, 

yii,  9. 
Distance  of  soand,  expérimenta  io  Jadging, 

yii,  1. 
Dipalta,  iii.  43. 
Diphtheria  in  Kansas,  yiii,  23. 

map  showing  distribution  of,  by  counties, 
yiii.  3J. 
Diptera  of  Colorado  and  New  Mexico,  iii,  225. 
Diptera,  bibliography  of  North  American,  iy, 
199. 

brasiliana,  i,  43.  119. 

bra&iliana,  part  IV,  yi,  1. 

list  of  Asilidee,  iy,  173. 

new  or  Jittle-known,  ii,  59. 

two  remarkable  new  gênera  of,  iy,  107. 
Discharge  of  the  Kansas  riyer  at  Lawrence. 

Kan.,sincel88I,  iy.  163. 
Dissosteira  longipennis,  i,  39. 
Distance,  yisual  perception  of,  y,  109. 
Distribution  of  the  Mosasanrs,  yi  A,  177. 
Dolichopodidœ,  ii,  147. 

new  gênera  and  species  of,  ii,  151. 
Dolichopus  and  Hygrocelenthus.  révision  of 
the  gênera,  ii,  1. 

additions  to  reyision  of ,  ii,  154. 
Dolichopus,  ii,  1.  2,  23,  132. 

table  of  spacies,  ii,  2. 

acuminatns,  ii,  2. 

agilis.  ii,  5,  16,  26. 

albicilllatns,  ii,  3,  9. 

albicoxa,  ii,  8,  10. 

angustatus,  ii,  5,  15. 

aurifacies,  ii,  6,  20. 

batillifer,  ii,  4. 

bifractus,  ii,  4,  12. 

breyimanus,  ii,  3,  10. 

breviponnis,  ii,  3,  10. 

brunneus,  ii,  5,  14. 

calcaratus,  ii,  2,  8. 

canaliculatus,  ii,  6. 

coloradensis,  ii,  26. 

comatus,  ii,  5,  14. 

conyergens,  ii,  2,  9. 

coqoilletti,  ii,  6,  19. 

corax,  ii,  2,  7. 

cuprinus,  ii,  4,  7,  12. 

dakotensis,  ii,  4,  11. 

detersus,  ii.  2.  8. 

discifir,  ii,  5. 

dorycerus,  ii,  3. 

duplicatuB,  ii,  6,  18,  157. 

endaotylns,  ii,  4,  11. 

flagellitenens,  ii,  1,  4,  13. 

fulyipes,  ii,  5. 

funditor,  ii,  6,  20. 

germanns,  ii,  1,  6,  2t. 

gracilis,  ii,  5,  15. 

grandis,  ii,  6,  21,  156. 

gratus,  ii,  2,  7,  8. 

hastatns,  ii,  4,  13. 

henshawi,  ii,  1,  4. 

incisuralis,  ii.  5,  14 
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Dolichopns  incongnias,  ii,  1,  3. 

johnsoDi,  ii,  2,  7. 

kaoMDsis,  ii,  2,  8. 

laticornis,  i>.  2,  7. 

lobatQS,  ii,  5,  16. 

loDgimanus,  ii,  8,  10. 

loDgipeDDis,  ii,  4.  6,  12,  13. 

lateipennis,  ii,  4. 

marginatus,  ii,  5,  17. 

melanooems,  ii,  5. 

myosota,  ii,  2. 

nndas,  ii,  8. 

obcordatus,  ii,  4,  5,  14. 

occidentalis,  ii,  6,  19. 

OTatns,  ii,  2,  9,  156. 

I>achycaema8,  ii,  3,  9. 

palsstricuB,  ii,  3,  10. 

platyproaopns,  ii,  5. 

plamipes,  ii,  4,  13. 

plamosas,  ii,  6,  18,  19. 

pollex,  ii.  5. 

preeustus,  ii,  5. 

pagil,  ii.  5. 

pulchrimanus,  ii,  28. 

qaadrilamellatas,  ii,  6. 

ramifer,  ii.  4,  12,  157. 

reâeotus,  ii,  4,  12. 

mflcomis,  ii,  6. 

sarotes,  ii,  6. 

scapularis,  ii.  6,  20,  28. 

seoparias,  ii,  6,  18. 

setifer.  ii,  2,  156. 

setosas,  ii,  R,  14. 

sezarticalatas,  ii,  6. 

socius.  ii,  3,  10. 

eplendidulas,  ii,  8. 

Bplendidus,  ii,  8,  11, 

subciliatas,  ii,  4. 

tener,  ii,  4. 

tenuipes,  ii,  155. 

terminalis,  ii,  6. 

tetricus,  ii,  2. 

tonsas,  il,  4. 

Tariabilis,  ii,  4,  11. 

▼igilans,  ii,  5,  18. 

vittatus,  ii,  4,  6,  12. 

willistoDii,  ii,  6,  22. 

xanthocnemus,  ii,  8,  9. 
Dolichomyia,  ili,  41. 

gracilis,  iii,  41. 
Douglas  formations  along  the  Kansaa  river, 

the  Pottawatomie  and,  iz,  284. 
Drosophila  opaca,  yi,  12. 
Dntch  settlementfl  in  Kansas,  iii,  162. 


Eades  imperialis,  i,  89. 
Sclimus  sodalis,  ii,  65. 

anratas,  ii,  66. 

lotus,  ii,  66. 

melanosns,  ii,  65. 

muricatas,  ii,'65. 
Economie  and  social  inflaences  of  irrigation, 
vii  B,  27. 


Economie  Fangi,  Scymoar  and  Earle*8,  i,  129. 

Edestosanras,  synonymy  of,  i,  26. 

Effect  of  irrigation  on  priées,  Tii  B,  38. 

Elephas,  vii,  124. 

Slmira  reformatory,  i,  165,  169,  176.  177. 

Elymos  canadensis,  i,  128. 

▼irginicQS,  i,  123. 
Empis  soclabilis,  ii,  66. 
Employées,  the  condition  of  packing-hoase, 

iv.  41. 
Empo  liabonensis,  n.  sp.,  Tiii,  111. 
Enchodas  amicrodas,  Tii,  193. 

parrns,  tU,  192. 
Entomological  News,  i,  41. 
Ephydra  bispinosa,  vi,  2. 
Epibates  maricatns,  ii,  65. 
EpitaphioB,  a  stady  of  the  type  of  the  Oreek, 

iT,  219. 
Epochra  canadensis,  ii,  ISO. 
Eqnianharmoniccnbics  of  pencil  throogh  nine 

points,  z,  14. 
Equisetnm,  method  of  demonstrating  distri- 
bution of  8i>ore8,  Tiii,  118. 
Erie  limestone,  named,  ii,  108. 
Erie  limestone,  iii.  275,  280. 
Eriophorum  Tirginicum,  i,  124. 
Eriocera  obscnra,  ii,  61. 

eriophora,  ii,  61. 
Erisichthe,  vii,  22. 

Erisocrinns  megalobraohins,  n.  sp.,  Tiii.  124. 
Eristalis  bronsi,  i,  88. 

brousi,  iii,  248. 

flavipes,  Ui.  2i8. 

hirtus,  iii.  242. 

latifrons,  i,  38;  iii,  242. 

scutellaris,  iii,  247. 

tenaz,  iii,  212. 

transTorsns,  iii,  248. 
Eryops  Cope,  notes  on  the  cormoo-scapala  of, 

Tiii.  185. 
Erysiphe  graminis,  hoets  of,  i,  131. 
Escarpment,  Altamont,  Tii,  95. 

Burlington,  Tii,  99. 

Burlington,  Tii.  282. 

Carlyle.  tH.  97. 

Earlton,  tU,  96. 

Elk  FaUs,  Tii,  99. 

Erie,  tU,  95. 

Eoreka,  Tii,  100. 

Hertba,  Tii,  95. 

Howard,  Tii,  100. 

Independence,  Tii.  96. 

lola,  Tii,  96. 

Mound  Valley.  tU,  96. 

Oswego,  Tii,  94. 

Pawnee,  Tii,  94. 

Reece,  tU,  101. 
Essential  Parameters  of  proJeetiTetranforma- 

tions.  Tii,  126,  128. 
Ethiopians,  température  sensé  in,  Ui,  208. 
Eupeodes  Tolucris,  i,  86;  iii,  282. 
Euchoems  maerops,  iii,  24. 
Euonephalia,  iU,  180.  186. 

gonioides,  iii,  185. 
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Endamns,  prothoraz  of ,  iii,  145. 

tityrns,  iii,  141. 
Eurœsta  Bequalis,  ii,  171. 

beUa,  ii.  171. 

bellola.  ii.  172. 

festina.  ii.  171. 

mexicana,  ii.  172. 
Earopean  cities,  goveroment  of.  biblioffraphy. 

i.  181. 
Enrosta  comma,  ii,  160,  170. 

feaestrata,  ii.  169. 

latifrons.  ii,  161. 

reticalata,  ii,  170.  171. 

solidaginis.  ii.  169.  170. 
Entreta  diana,  ii,  158. 

diana,  var.,  ii,  158. 

lonfficornis,  ii,  158. 

sparsa,  ii,  167. 
Evaporation  in  the  arid  région,  iii,  118,  211. 
EzplosiTe  oompoand,  formed  by  the  action  of 

liqaid  ammonia  upon  iodine,  vi  A,  71. 
Explosion,  the  Coffeyville,  iv.  67. 
Expoiiential  curve,  conatruction  for,  vii,  220. 

use  of,  iû  plotting  the  catenary,  Wi,  218. 
Extremities  of  TylosaaniB,  vi  Â,  99. 
Exlinct  Tertebrates,  new  or  little  known,  iii, 
165. 

F. 

Family  of  surfaces  invariant  under  hQ,(ABCl) 

of  type  II,  X.  89. 
Faunal  stadies,  Coal  Measares,  ix,  233. 
Felis  maxlma.  iii,  174. 
Fems  from  the  Permian  of  Kansas,  a  oew 

genusof,  ix,  179. 
roethod  of  demonstrating  distribution  of 

spores,  vii,  113. 
Finance  committees,  development  of,  in  the 

house  of  représentatives,  ii,  217. 
in  the  senate,  ii,  220. 
Finance  of  American  cities,  bibliograpfay,  i, 

186. 
Finney  eoanty,  Kansas,  bird  fauna  of,  iii,  129. 
eaases  affecting  abundance  of  bird  faana 

of,  iii.  129. 
topography  of,  iii,  129. 
*      listof  birds.  iii,  129. 
Fish  teeth  from  the  Kansas  Cretaceons,  some, 

ix,  27. 
Fish,  a  new  species  of,  from  the  Cretaceons  of 

Kansas,  viii,  87. 
Fishes,  a  new  gênas  of,  from  the  Niobrara  Cre- 
taceons, viii,  118. 
Cretaceons,  iii,  2;  vii,  21,  115.  177.  191. 
three  new  Cretaceons,  viii,  107. 
Fisaicom  Tachinidee,  iv,  171. 
Fissures  and  faults,  iii.  284. 
^ve-parameter  subgroups  of  Go  (Api)  of  type 

V.  X,  100,  104. 
Fixing  and  hardening  material,  apparatns  to 

facilitate  the  process  of,  vii,  107. 
Food-supply,  density  of  population  dépendent 

upon,  vii  B,  27. 
progress  and  activity  of  society  dépendent 

upon,  vii  B,  28. 


Foreign  settlements  in  Kansas,  i,  71  ;  iii,  159. 

Fort  Pierre  Cretaceons,  iii,  216. 
turtle  remains  from,  vii,  201. 

Fort  Scott  cément  rock,  iii,  273,  280. 

Fossila,  new,  from  the  Kansas  Coal  Measures, 
viii.  123. 

Fonr-parameter  subgroups  of  G«  (Api)  of  type 
Y,  X,  100,  104. 

Freeze-out  Hills  of  Wyoming,  Jurasaic  forma- 
tion of,  ix,  109. 

FrenatfB,  scales  of,  iii,  61,  83. 

French  settlements  io  Kansas,  iii,  161. 

French  systom  of  registry  of  criminals,  i,  173. 

Fnsisporinm,  i,  128,  180. 

Future,  and  future  perfect,  the  past,  vii  B,  81. 

G. 

Gamett  limestone,  named,  ii,  100. 

Gastrops,  vi,  3. 
niger,  vi,  3. 

Geological  reconnoissanee  in  southwest  Kan- 
sas and  No  Man's  Land,  ii,  143. 

Geological  section  at  Providence,  Mo.,  iv,  161. 

(Geological  section,  a,  along  the  Verdigis  river, 
ii,  115. 
A.  T.  Sl  s.  F.  R.  R.  from  Cherryvale  to 
Lawrence,  and  from  Ottawa  to  Holliday, 
ii,118. 
Neosho  river,  ii,  104. 

(Geological  map  of  Logan  and  Gove  counties, 
vii.  19. 

Geological  map  of  Kansas,  iii,  216. 

Geology,  report  on  fleld-work  in,  for  1893,  ii,  99. 

Geumetry  of  one  dimension,  Hessian,  Jacob- 
ian  and  Stinerian  in,  iii,  103. 

German  settlements  in  Kansas,  iii,  159,  161. 

Glacier,  traces  of  a,  at  Kansas  City,  Mo.,  ii, 
149. 

Glaciated  area  of  Kansas,  a  preliminary  re- 
port on,  iv,  153. 

Gleed,  C.  S.,  i,  137. 

Gnamptosilopus,  ii,  48. 

Gonia,  iii,  177. 

exul,  180;  sequax,  iii,  181. 

Gove  county,  geological  map  of,  vii,  19. 

Qovêmment  of  American  cities,  gênerai  dis- 
cussions on  bibliography,  i,  187. 

Graphical  construction  for  the  catenary,  vii, 
211. 

Graphie  rectification  of  arcs  by  means  of  hy- 
perbolic  spiral  instrument,  vii,  169. 

Grapta  intorrogationis,  prothorax  of,  iii,  188. 

Gramineee,  parasites  of,  i,  181. 

Grandgent,  C.  H.,  treasurer  American  Dialect 
Society,  i,  78. 

Grass  family,  number  of  parasites  of,  i,  123. 

Grasses,  notes  on  some  diseases  of,  i,  123. 

Gravais,  surface,  in  eastem  Kansas,  ii,  136. 

Great  Spirit  spring.  i,  85. 

Group  hG.  (ABCD).  x,  55. 

Group  eG,  (ABCD)  and  ita  subgroups.  x,  45. 

Group  eeGa  (ABCD)  and  ita  subgroups,  x,  46. 

Group  hGa  (ABCl)  of  type  II,  x,  87. 

Group  eGs  (ABCl)  of  type  II,  x,  93. 
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Oroap  Q4  (ABpl)  of  type  IV,  x,  96. 
Groop  »•  (Api)  of  type  V,  x,  99.  101. 
Oronp  Grtf  z,  81. 

G.«(1.2.3,4).  z.  19,24. 
G,.  (1.2.8),  z,  28.  80. 
Gi«.  z.  16. 
Gronp  of  216  ooUiaeations  in  the  plane,  x,  13. 
Group  and   subgroups  of  real  collioeatioDS 

leasing  a  tetrahedron  invariant,  x,  33. 
Gypanm  in  Kansas,  vi,  16. 

rocks,  chemieal  composition  of  some  Kan- 
sas, Ti,  29. 

H. 

Hadms  lepidotns,  parros,  iii.  192. 
Harmonie  onbiosofpencil  thronghnine  points, 

z,  14,  28. 
Heating  system  of  Spooner  library,  University 

of  Kansas,  vii.  149. 
Hecamedo  abdominale,  vi,  4. 
Heliconids.  iii.  142. 
Helophilns  bilinearis,  iii.  247. 

Iflptiis.  iii,  243. 

latifrons.  i,  38;  iii,  243. 

obscurus,  iii,  217. 

similis,  iii.  243. 

sp..  iii.  243. 
Hemarid  thysbe,  ii,  &2. 

clypeu4of,  ii,  52. 

mindiblesof,  ii,  1S3. 

pilifers  of,  ii,  55. 
Hemaris,  prothoraz  of,  iii,  141. 
Hepialidie,  scalesof,  iii,  81,  82. 
Hepialas,  ii,  52. 

clypeas  of,  ii,  52. 

epicraniam  of,  ii,  52. 
Hesperomis  gracilis,  v,  58. 
Hesaian  of  the  eubic,  ii,  88,  89,  91. 
Hesperidv.  iii,  142. 
Hessian,  the,  in  geometry  of  one  dimension, 

iii.  103. 
Hexachaeta.  ii,  167. 
Himantopos  mezicanus,  iii,  181. 
Holcodas.  yi,  183. 
Holosaums,  i,  26;  iii,  168. 
Ho3t  Index,  Farlow  and  Seymonr's,  i,  123,.  131. 
Hoplopboneus  occidentalis,  v,  37. 
Horsebacks  in  the  Kansas  Coal  Measures, 

iv.  145. 
Hough,  Dr.  Gary  de  N  ,  iz,  203. 
House  jadiciary  comroittee  concèdes  right  of 
senate  to  originale  appropriation  biils, 
ii,  108. 
Honse  refuses  to  reeognize  right  of  senate  to 
originate  a  bill  authorizing  the  issue  of 
treasury  notes,  ii,  191. 

rejects  senate  amendment  to  post-office 
appropriation  bill,  ii.  198. 

resolution  denying  right  of  senate  to  ameod 
revenue  bill  so  as  to  originate  repeal  of 
income  taz,  ii.  201. 

dénies  right  of  senate  to  amend  levenae 
bill  so  as  to  alter  its  pnrpose,  ii,  204. 
Hulst,  G.  D.,  i,  40. 
Hntchinson  reformatory,  i,  177. 


Hygroceleuthns,  ii,  1,  23. 

afflictns.  ii.  2-),  24,  26.  26,  155. 

ciliatns,  ii,  8.  28.  24.  25. 

crenatus,  ii,  23,  24,  25,  26,  155. 

idaboensis.  ii.  154. 

lamellicomis,  ii,  25. 

latipes,  ii.  28,  24,  155. 

table  of  species.  ii,  24. 
Hygroceleuthns  and  Doliehopas,  révision  of. 
ii,  1. 

additions  to  revisoo  of,  ii.  154. 
Hymenoptera.  parasitic,  vii,  206. 
Hyperbolic  spiral,  constructions  for.  vii,  156. 
graphical  opérations  performed  by  use  of. 
vil.  160. 
Hyposaurus.  iii,  S. 
Hypothesis  for  author  of    Fiers   Plowman. 

gronnds  for  new.  vii  B,  22. 
Hystrichodexia  rœderi,  ii.  77. 


Ichthyodectidae,  vii,  21. 

Ichthyodectes,  vii,  22. 

leterica  seriata,  ii,  171. 

Ilythea  flavipes,  vi  A.  4. 

Imperfect  and  imperfect  of  repeated  action. 

the  descriptive,  vii  B,  68. 
Indiens,  delicacy  of  the  sensé  of  taste  among. 

ii.  95. 
Instrument  the,  viii,  160. 

mathematical  properties  of.  vii,  160. 

mechanical  properties  of.  vii,  171. 

properties  and  uses,  vii,  155. 
Invariant     curves     and    surfaces     of    hGi 
(ABCD)rs.  X,  55. 

of  hGi  (  ABCl  )ar  of  type  II,  x.  88. 

of  Gi  (ABU  )an  of  type  III,  z,  91. 

of  G,  (  ABpl  )anh  of  type  IV,  z,  97. 

of  Gi  (  Api  )  of  type  V,  z,  102. 
Invariant  tetrahedron.  x,  33. 
Invariants  of  cnbie,  ii,  88. 

of  point  and  cubic,  ii,  85. 

of  the  quartic,  ii.  91. 
Invertebrate  faunes  of  Jnrassic  formation  in 

Wyoming.  iz,  109. 
In  vertèbre  tes.  Cretaceous,  of  Kansas,  viii,  87.* 
Injury,  mechanical,  doue  by  parasite,  i,  120. 
Inversion,  method  of,  i,  47,  89. 
Involutrie   transformations  of  the   straight 

line.  iv.  111. 
Infusoria,  relation  to  ozygen,  vii,  111. 
lodine,  ezplosive  componnd   formed  by  the 

action  of  liqnid  ammonia  upon,  vi,  71. 
lola  limestone,  iii,  276,  281. 

named,  ii,  109. 
Irish  settlements  in  Kansas,  iii,  161. 
Irregular  curves,  vii,  171. 
Irrigation  along  the  Arkansas  in  western  Kan^ 
sas.  iii,  117. 

oanals  along  the  Arkansas  in  western  Kan- 
sas,  iii,  123-126. 

in  western  Kansas,  problems  of,  iii.  213. 

économie  and  social  influence  of ,  vii  B,  27. 
Italiens  in  Kansas,  iii.  161. 
Itomere,  formation  of ,  in  Scolopendre,  z,  6S. 
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J. 
Jaoobian  of  tbe  cabic,  ii,  80. 
Jacobian,  the,  in  geometry  of  one  dimension, 

iii.  108. 
Joplin  lead  and  zinc  district,  minorais  occur- 

ring  in,  x,  161. 
Jngat»,  the  seales  of,  iii,  60.  61,  90. 
Jurassic  formation  in  the  Freese-ont' Hills  of 
Wyoming,  iz,  100. 


Kafir-eom  flonr  as  an  adultérant  of  baok- 

wbeat  flonr.  vii,  3S. 
Kansas  Academy  of  Science,  transactions  of, 
i,  85. 
Carboniferons,  new  corals  from,  tU,  17. 
Coal  M easares,  horsebaclcs  in  the,  iv,  145. 
Cretaoeons,  flshes  of,  Tii.  21.  115,  177,  191. 
liât  of  birds,  additions,  iii,  120,  180. 

Oarpodicus   mezicanas  frontalis,  iii, 

129,  134. 
Dendroica  cœmlescens,  iii,  180,  185. 
Hesperocichla  naevia,  iii,  129,  ISS, 
Piranga  Indoviciana,  iii,  129,  184. 
penologyin,  i,  155. 
présent  status  of  the  street-paving  problem 

in,  ii,  27. 
river,  notes  on  the  discharge  of,  iv,  163. 
river  Valley,  the  sands  of ,  iv,  125. 
soatheastem,  physiography  of,  vii,  87. 
taxation  in,  viii  B,  19. 
Kaw  river  and  its  tributaries,  a  chemical  eX' 

amination  of,  iii,  91. 
Kinoplasm  and  nndeolns,  behavior  of ,  in  the 
division  of  the  pollen  mother  cells  of 
Aselepias  cornu ti,  vii,  77. 


Labor  problem,  ezperiments  in  the  solution 

of,  iv,  15. 
Labyrinthodont,  a  new,  from  the  Kansas  Car- 
boniferons, vi,  209. 
Lamm,  Oscar  F.,  engineer  of  Kansas  peniten- 

tiary,  i,  171. 
Lamna  ocoidentaiis,  iii,  2. 
Landois,  qnoted,  iii,  60. 
Land  shales,  iii,  277. 
Langland,  William,  his  philosophy,  il,  221. 

his  probable  éducation,  ii,  285. 
Lasiocampidœ,  soales  of,  iii,  89. 
Latin,  the  séquence  of  tenses  in,  viii  B,  57. 
Lawrence  shales,  iii,  277,  282,  284,  296. 

coal  in,  iii,  303,  305. 

named,  ii,  122. 
Lecaniodiaspis  celtidis,  sub.  sp.  pruinosus, 

sub.  sp.  n.,  viii,  77. 
Leeanlum  armeniaoum,  viii,  71. 

canadense,  viii,  68. 

cookerelli,  n.  sp.,  viii,  70. 

cofFeœ,  viii,.  75. 

hesperidium,  viii,  75. 

kansasense,  n.  sp.,  viii,  OB. 

maclnrœ,  n.  sp.,  viii,  67. 

oleae,  viii,  75. 
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Lecaniodiaspis?  parrotti,  n.  sp.,  viii,  76. 

Lecompton  limestone,  iii,  278. 

Légal  status  of  American  ciliés,  bibliography, 

i,  184. 
Lepidoptera,  tbe  prothoraz  of,  dorsal  aspect, 
iii,  137. 

form,  variation,  iii,  l^. 

lobes  of.  iii.  137,  im. 

membrane,  movements  of.  iii,  137. 

tazonomic  value  of  tbe  âCdlesof,  iii,  45. 

width  of,  iii,  188. 
Leptecodon  reclus,  n.  sp.,  viii,  113. 
Leptorhethum,  ii,  60. 

angnstatum,  ii,  50. 
Le  Roy  shales,  named,  ii,  110. 
Lesticodus,  vi,  182. 
Lestosaurns,  vi,  184. 
Limaçon,  article  on  the,  i,  89. 

as  a  nodal  bicuspidal  quartic,  i,  62. 

Pascal's,  i,  60,  89. 

angle  trisected  by  use  of ,  ii,  89. 
Limestone,    Burlington  or  Qarnett,  iii,  277, 
281. 

Carlyle,  iii.  277. 

characteristics  of  Coal  M easures,  iii,  280. 

Cottonwood  Falls.  iii,  279,  283,  280. 

Erie  or  triple,  iii,  275,  280. 

lola,  iii.  276,  281. 

Lecompton,  iii.  278. 

Oread.  iii,  278,  281. 

Oswego.  iii,  273.  280. 

Pawnee,  iii,  274,  280. 

Tecumseh,  iii,  278. 

Topeka,  iii,  278. 
Limestone,  sandstone,  and   shales,  relative 

value  for  stratigraphie  work,  ii,  102. 
Limnobia  ooncinna,  ii,  60. 

conctipes,  ii,  61. 
Linear  geometry  of  the  cubic  and  quartic, 

ii,  85. 
Lintel,  maximum  load  on  a,  ii,  31. 
Liodon.  iii,  166. 
Lipochaeta,  vi,  7. 
Literature  and  the  writer's  resimnsibility,  Ihe 

tone  of,  vii  B,  89. 
Livingston,  Edward,  quota tion  from,  i,  161. 
Local  govemment,  bibliography,  i,  180. 
Logan  county,  geological  map  of,  vii,  19. 
Logarithmie  curve,  construction  for,  vii,  220. 
use  of,  in  plolling  the  catenary,  vii,  218. 
London,  government  of,  bibliography,  i,  l&ï. 
Lordotus  pulcherrimus,  puella,  ii,  64. 
Lords  and   commons,  contest  between,  over 

control  of  the  purse,  ii,  213. 
Louisville  minerai  water,  the  composition  of , 

vi  A,  117. 
Loup  Fork  tortoises,  skull  of,  vii,  148. 
Lozia  curviroBlratra  minor,  iii,  184. 

stricklandi,  iii,  134. 
Lycœnidœ,  iii,  140,  141. 

M. 
MacheeroduB,  iii,  170. 
Macrosaums,  vi.  182. 
erasaidens,  iii,  175. 
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Maimetiem,  effeot  npon  the  spectral  Unes  of 

sodium,  vi,  77. 
Mallota  albipilis.  iii.  214. 
Map,  preliminary,  of  foreign  settlementa  in 

•     Kansas.  i.  (faciofir)  84. 
Marginal  areas,  eztent  of,  iii,  288. 
Mastodonsaums.  vi,  209. 
Maximum  load  on  a  lintel.  ii,  81. 
McCann  sandstone,  stratigrapby  of  the,  ix, 

175. 
Mechanical  properties  of  byperbolic  spiral  in- 
strument, vii,  171. 
Mecoptera,  scales  of,  iii,  59. 
Megalopteris,  systematio  description  of,  x,  7. 
Megalopygidflp,  scales  of,  iii,  84. 
Melanerpes  torquatns,  iii,  133. 
Melanoplus  differentialis,  vii.  205,  206,  207. 

parasitic  influences  on,  vii,  206. 
Melanostoraa  ooncinnum,  iii,  229. 
kelloggi,  iii,  230. 
mellinum,  i,  85;  iii,  230. 
stegnum,  i,  35. 
Melitera  dentata  Grote,  notes  on,  i,  89. 

prodenialis  Walker,  i,  89.  4a 
Mesogramma  marginatum,  i,  87;  iii,  289. 

politam,  iii,  239. 
Metapelastoneums,  ii,  152. 

kansensis,  ii,  153. 
Microdon  megalogaster,  i,  84. 
Micropterygidœ,  scales  of,  iii,  82,  83. 

globoeus,  iii,  225. 
Microscopie  comparison  of  eamplesof  white 

arsenic,  ix,  255. 
Minerais  in  the  Joplin  district,  ix,  161. 
Minerai  water,  composition  of  LouisYille,  vi, 

117. 
Miocène,  the  White  Riyer,  of  Wyoming,  a  new 

species  of  Dinictis  from,  ix,  287. 
Mixogaster  mexicans  Macq.,  notes  on,  vi,  140. 
breviventris,  n.  sp.,  vi,  137. 
conopsoides  Macq.,  notes  on,  tI,  140. 
previouely  described  species  of,  vi,  140. 
Modem  bigher  algèbre,  i,  133. 
Modiola,  sp.  T,  vili,  91. 
Moments,    maximum    bending,    for    moving 

loads,  etc.,  i,  148. 
Money  bills.  origination  of ,  confined  to  lower 
bouse,  ii,  176. 
provisions  in  state  constitutions,  ii,  177. 
Mongolians,  température  sensé  in,  iii,  208. 
Monocular  perception  ofspace,  ▼,  112,  117. 
Monopteria  gibbosa  Meek  and  Worthen,  new 

yariety  of,  yii,  187. 
Monopteria  7  subalata,  n.  sp.,  yiii,  188. 
Monroe  doctrine,  bistory  of,  y,  56. 
Morosau rus  grandis,  yii,  178. 
sacrum  of,  yii,  178. 
species  of,  yii,  173. 
Mosasauridae,  iii,  169. 
Mosasanrus  maximiliani,  iii,  166. 

horridus,  iii,  166;  yi,  «5. 
Mosasaurfnee,  yi,  181. 

Mosces,  method  of  demonstrating  distribution 
of  spores,  yii,  118. 


Mosâsanrs,  a  new  genns  of,  yi,  95. 
habits  of .  yi,  lia 
Kansas,  part  I,  i,  15. 
Kansas,  part  II,  ii,  88. 
new  characters  of ,  yii,  236. 
range  and  distribution  of ,  yi,  177. 
restoration  of,  yi,  107. 
sonie  additional  characten  of,  yiii,  89. 
Mounting  média,  refractiye  index  and  alco- 

hol-solyent  power  of,  yii.  197. 
Multisection  of  angles  by  use  of  hyperbolic 

spiral  instrument,  yii,  162. 
Municipal  goyemment  in  the  United  States,  a 

brief  bibliography  of,  i,  179. 
Municipal  industries  of  American  eities,  bibli- 
ography, i,  191. 
Muscids,  South  American,  ix,  203. 
Myaiina  T  exasporata,  n.  sp.,  yiii,  128. 
Mycélium,  methods  of  entering  host,  i,  127. 
Myd aidée,  mouth-parts  of,  i,  118. 
Mylodon  harlani,  iii,  175. 
Myology  of  the  hind  limb  of  the  raoooon.  yi, 

121. 
Myriapods,  spermatogenesisof,  x,  61-76. 
Mytilaspis  pomorum,  yiii,  14. 
Myxomycètes,  material  for  the  atudy  of,  yii, 
111,  112. 

N. 

Naturel  gas  and  eoal-oil  in  Kansas,  iy,  1. 
distribution  and  use  of,  iy,  10. 
method  of  collecting  and  anal}zing,  iy,  9. 
Nausigaster  pnnotnlata,  iii,  247. 
Navicttla,  i,  87. 

Nebraska  City  section,  corrélation  of .  yii,  281. 
Nectoportheus,  yi  A,  182. 
Nemistrinidae,  moutb-parts  of,  i,  114. 
Neoglaphyroptera  striata,  ii.  60. 
Neoitamus  afflnis,  distinctus.  ii,  73. 
Neuropteris,  systematic  description  of,  x,  7. 
New  forme  of  PseudomonoUs  from  the  Upper 

Coal  Measnres  of  Kansas,  yiii,  79. 
New  labyrinthodont    from  the   Kansas  Car- 

boniferous,  yi,  209. 
New  Plesiosaur  from  the  Kansas  Comanche 

Cretaceous,  yi,  57. 
New  York  System  of  olassifying  prlM>ners,  i, 

160. 
municipal  goyemment  of,  bibliography.  i, 

194. 
Niobrara  Cretaceous,  iii,  21. 
Nitzschia,  i,  87. 
No  Man's  Land,   geologieal  reoonnoiasance 

in,  ii,  143. 
Normal  forms  of  projeotiye  transformations, 

yii.  125. 
Note  on  the  Permian  flora  of  Kansas,  ix,  63. 
Notes  on  the  osteology  of  Bison  antiqnos,  yi. 

127. 
Notice  of  some  yertebrate  remains  from  the 

Kansas  Permian,  yi,  58. 
NotiphUa  bellula,  yi,  5. 
polchrifrons,  yi,  5. 
striata,  yi,  5. 
Nucleus,  budding  of ,  in  Scolopendra,  z.  73. 
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Nnoala  palohella,  n.  sp.,  TUi,  182. 
Nnaa  abdominaliB,  ▼!,  103. 

similis,  vi,  108. 
Nyctodaotylna,  i,  5. 

speeies  of,  i,  2. 
NymphalidK.  iii.  142. 

O. 
Oats,  namber  of  parasites  of*  i,  128. 
Oehthera,  hnmilis,  vi,  8. 

raffalis,  Ti,  8. 
Oeennenoe  of  the  bryozoan  gênas  Rhabdome- 

son  in  Amerioa,  iz,  178. 
Oedaspis,  ii,  18S. 
atra,  U,  184. 
minnta,  ii,  184. 
montana,  ii,  183. 
Oedicarena,  ii,  182. 

diffusa,  ii,  181,  162. 
Oklahoma,   a    geological    reconnoisance    in 
Grant,  Qarfleld  and  Woods  connties,  Tii, 
121. 
OLigoporosT  minntas.  n.  sp.,  viii,  128. 
Omegasyrphns  baliopteros,  iii,  228. 
èoaretatns.  iii,  228. 
sp.,  iii,  228. 
One-parameter  subgroups  of  bOa(ABCD),  x, 
88. 
of  bG,(ÂBCi)  of  type  II,  z.  87. 
of  eOaCABCl)  of  type  II,  z,  92. 
of  G,  (A  81'  )  of  type  III.  z,  93. 
of  G«(ABpl)  of  type  IV,  z.  98. 
of  G«(  Api  )  of  type  VI,  z,  100,  102. 
On  tbe  construction  of  eollineations,  iz,  85. 
Onyebogonia,  iii,  180. 
Oospores,  oblitération  of  parenchyma  by,  i, 

129. 
Opercalar  and  otber  cranial  bones  of  Xiphac- 
tinas  Leidy,  a  preliminary  description 
of,  Tiii,  19. 
Opetia,  iii,  143. 

Opontia  miesouriensis,  i,  39,  40. 
Oread  limestone,  iii,  278,  281. 

named,  ii,  123. 
Organic  matter  in  the  Western  streams,  iii, 

101. 
Origi nation  of  money  bills,  debates  on,  in  con- 

stitatiooal  convention,  ii,  176. 
Omithocheiroidea,  vi,  98. 
Omithocheiras,  vi,  35. 
Omithostoma,  ii.  79;  vi,  35. 
ingens,  vi,  38. 

notes  on  tho  mandible  of,  iv,  61. 
on  the  slcnil  of.  ïy,  193. 
Orthoneuromyia.  ii,  67. 

modesta,  ii,  88. 
Osage  City  shales,  iii,  278-305. 

coal  in.  iii.  278.  304.  305. 
Oscillaria,  i.  87. 
Osteology  of  Anogmias  polymicrodos  Stewart. 

▼iii.  117. 
Ostreidee,  viii.  96. 
Oswego  limnstone.  iii.  273,  280. 
Ottawa  limestone.  named.  ii,  121. 


Ostrea  attenaata.  n.  sp.,  Tlii,  99. 

canonensis,  n.  sp.,  Tiii,  90. 

congesta,  vili,  90. 

orennla,  n.  sp.,  Tiii,  93. 

ellsworthensis,  n.  sp.,  viii,  88. 

ezogyroidea,  n.  sp..  viii,  91. 

inoarva,  n.  sp.,  viii,  92. 

jewellensis,  n.  sp.,  viii,  95. 

kansasensis,  n.  sp.,  viii,  88. 

lata,  n.  sp.,  viii,  94. 

leeii,  n.  sp.,  viii,  94. 

wellerii,  n.  sp.,  viii,  80. 

willistonii,  n.  sp.,  viii,  89. 
Ozygen,  evolation  of ,  by  Algœ,  vii,  111. 

P. 
Paohyrhina  erythrophys,  ii,  83. 
Pachyrhizodns  leptognathns,  vii,  193. 

minimns,  a  new  speeies  of  fish  from  the 
Cretaceons  of  Kansas,  viii,  87. 

sp.,  vii,  195. 

veloz,  vii,  193. 
Packing-hoose,  condition  of  employées  in, 

iv,  41. 
Pamphila  conardns,  genee  of ,  ii,  52. 

epicraninm  of,  ii,  58. 
Pangonia  arenata,  iii,  190. 

bullata,  iii,  191. 

diaphana,  iii,  190. 

flLipalpis.  iii,  190. 

fnlvithoraz,  iii.  189. 

margarittfpra.  iii,  191. 

pyransta.  iii.  189. 

nnicolor.  iii.  189. 

venosa.  iii.  189. 
Panicnm  sangninale,  i.  129. 

variegatnm,  i,  125. 
Papilis  enrymedon.  prothoraz  of,  iii,  140. 
Papilionidee.  iii,  142. 
Paragos  bicolor,  i.  33  ;  iii,  227. 

tibialis.  iii,  227. 
Paralimna  multipunetata,  vi  A,  111. 

obscura:  vi  A,  5. 
Paramyia,  vi  A,  1. 
Parasidie,  scales  of,  iii,  87. 
Parasites,  effects  of.  on  hosts.  i,  130. 
Paris,  governmentof.bibliography,  i,  182. 
Partition  of  Africa,  the,  viii  B,  1. 
Parydra  hnmilis,  vi,  7. 
Pascal's  Limaçon,  i,  80,  89; 
Patrick,  Q.  E.,  i,  89. 
Pawnee  limestone,  iii.  274,  280. 
Pedalof  acircle,  i,  89. 
Pelastoneuras,  ii,  152. 

vagans,  ii,  152,  153. 
Pelecocera.  iii,  187. 

pergandei.  iii,  187. 

scse  oides.  iii,  187. 

wUlistoni,  iii,  187,  239. 
Pelecorhynchus  ornatus,  iii.  192. 
Pelecypods.  new  and  little  known,  from  the 

Coal  Measares,  viii.  131. 
Pencil  of  cubics  through  nine  points,  z,  13. 
Penitentiary,  Kansas  state,  i,  15& 
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Peonsylvaaia  System  of  cUssifying  piisoners, 

i,  160. 
Penology  in  Kansas,  i,  155. 
Perception,  visual,  of  distance,  t,  119. 
Percolation  througfa  soils,  iii,  221. 
Permian,  the,  in  southern  Kanaas,  tj»  149. 
Permian  plants— Tipniopterts  of  the  Pennian 

of  Kansas,  z,  1. 
Permian  flora  of  Kansas,  note  on,  iz,  63. 
Permian  of  Kansas,  a  new  genus  of  fems  from 

the,  iz,  179. 
Peronospora  graminicola,  i,  129. 
Petroleum,  composition  of  Kansas,  It,  11. 
Philadelphia,  municipal  groTemment  of,  bib* 

liography,  i.  196. 
Phorocera,  iii.  185. 

Physiography  of  southeastem  Kansas,  Tii,  87. 
Physogenna  ferruginea,  yi,  8. 

nigra,  vi,  8. 

▼ittata,  vi,  8. 
Piea  pica  hudsonica,  iii,  133. 
Picicoryue  columbianns,  iii,  183. 
Pierisrapie,  prothoraz  of,  iii,  137,  140. 
Piers  the  Piowman  : 

content  of  the  poem,  ii,  239. 

form  of  the  pœm,  ii,  276. 

interprétation  of  the  character,  ii,  ^1. 

political  and  social  théories  in,  ii,  243. 

relation  of ,  to  the  life  of  the  autbor,  ii,  235. 

soientiflc  information  in,  ii,  239. 

epirit  of  the  poem,  ii,  279. 

theology  and  religion  in,  ii,  218. 

value  of  the  poem,  ii,  288. 
Piers  Piowman,  the  vis  ion  of,  ii,  233. 

list  of  Works  referring  to,  yii  B,  1. 

notes  on,  yii  B,  1. 

possible  name  of  anthor,  vii  B,  25. 

scène  of  the  poem,  ii,  231. 
Pipiza  pistica,  iii,  227. 
Piricularia  grisea,  i,  129. 

effectof,  i.  130. 

hosts  of.  i,  131. 
Plagiotoma  obliqua,  ii,  162. 
Plants,  Permian— Tœaiopteris  of  the  Pennian 

of  Kansas,  z,  1. 
Plasmodia  of  Myzomycetes,  material  for  the 

study  of.  vii,  111,  112. 
Platecarpinœ,  vi,  181. 
Platecarpus,  vi,  101-108, 183;  vii,  203. 

note  on,  vii,  235. 

tympan  iticus,  vi,  185. 
Platinum,  solubility  of,  in  hydrochloric  acid, 

iii,  199. 
Platychiras  chiiPtopodus,  iii.  231. 

ciliatus,   iii,  247. 

hyperboreus,  iii.  231. 

palmulosus,  iii,  231. 

peltatus,  iii,  231. 
Platycnema,  iii,  143. 
Platygonus  alemanni.  iii,  24. 

bicalcaratu»,  iii,  24. 

compressus,  iii,  24. 

condoni,  iii,  24. 

restoration  of,  iii.  23. 


Platygonus  striatns,  iii,  24. 

vêtus,  iii,  24. 

zeigleri,  iii,  24. 
Platypesa  abscondita,  iii,  205. 

anthraz,  iii.  145,  205. 

barbata.  iii.  207. 

boletina,  iii,  149. 

calceata,  iii,  144. 

einerea,  iii,  146.  150. 

egregia,  iii,  146.  Isa 

flavicomis.  iii,  145. 

obeeura,  iii,  145. 

omatipes,  iii,  143,  207. 

pallipes,  iii,  145. 

pulchra,  iii,  144. 

puUa,  iii,  205. 

rectinervis,  iii,  207. 

Buperba,  iii,  207. 

taeniata,  iii,  145.  149. 

unicolor,  iii,  205. 

umbrosa,  iii,  145.  148. 

velntina,  iU,  143,  205. 
Platypezid»,  iii,  143,  205. 
Platystoma  lunulata,  ii,  165. 
Platynra  pulchra,  ii,  59. 

gracilis,  ii,  60. 

notabilis,  ii,  58. 
Pleasanton  shales,  iii.  274,  275.  286,  293,  295. 
302.  306. 

coal  in,  iii,  302,  305. 
Plesiosaurs,  Cretaceons,  iii,  2. 
Plesiosaurus  gouldii,  vi,  57. 
Plioplateoarpus,  i,  28. 
Plnperfect,  the  aoristic,  vii  B.  79. 

the  descriptive,  vii  B,  75. 
Pogonodon,  sp.,  iii,  178. 

Pollen  mother  cells  of  Asclepias  comnti.  be- 
havior  of  kinoplasm  and  nncleoius  in 
division  of,  vii,  77. 
PoUicipes  haworthii,  vi,  188. 
Polymorphomyia,  ii,  166. 
Polygons,  construction  of ,  with  the  hyperbollo 

spiral  instrument,  vii,  168. 
Pomacera,  1,  102. 
Portbeus,  vii,  22,  115. 

lowii,  vii.  24. 
Porzana  jamaicensis,  iii,  131. 
Posidonomya  T  pertenuis,  n.  sp.,  viii,  127. 

recurva,  n.  sp.,  viii,  126. 
Pottawatomie  and  Douglas  formations  «lon^ 

the  Kansas  river,  the.  iz,  234. 
Power  of  a  twelve-foot  windmill,  vi.  191. 
Preliminary  notice  of  the  Meek  and  Ifarcou 
section  at  Nebraska  City.  Neb.,  with  the 
Kansas  Coal  Measures,  vii.  231. 
Preliminary  description  of  seven  new  spectes 
of  flsh  from  the  Cretaceous  of  Kansas. 
vii.  191. 
Prentis,  Noble,  i,  71. 
Présents,  perfects,  and  futurea,  vii  B,  89. 
Preservatives,  action  of  salicylic  acid  and  cal- 
cium  sulfite  in  the  préservation  of  cider. 
vi  A,  111. 
Providence,  municipal  govemment  of.  i,  196b 
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Procréas  and  activity  of  society  dependont 

npon  abandance  of  food  sapply,  vii  B,  28. 

Projeetive   groops    of    perspective  collinea- 

tioos  in  the  plane,  ▼,  1. 
Projeetive  transformations,  canonical  forma 
of,  Tii,  182,  140. 

continuons  groupe  of,  treated  synthetic- 
ally,  iT,  71,  243. 

continuous  groupe  of,  y,  81. 

essential  parametera  of,  yii,  125,  126. 

normal  forma  of,  vii,  125. 

of  the  plane,  flve  typea  of,  viii,  43-69. 

t>pe8of  (plate),  vii,  127. 

types  of,  vi,  63. 
Protosophyraena  bentonia,  vii,  27. 

Cretaceous  species  of ,  vii,  29. 

gigas.  n.  sp.,  viii,  110. 

recnrvirostris,  vii,  191. 

sp.  nov.,  vii,  28. 
Protoparce  carolina,  ii,  52. 

clypens,  ii,  52. 

genee  of,  ii,  52. 

mandibles  of,  ii,  53. 
.  occiput  of,  ii,  53. 

piUfers  of,  ii.  55. 

post  genee  of,  ii,  54. 
Protborazof  butterflies,  astudyofthe,  iii,  137 
Protochœrus  prismaticns,  iii,  24. 
Protostega,  iii.  10. 
Paeudogonia,  iii,  179. 
Paeudo-germinal  veaicle  stage  in  Scolopendre, 

z,  64. 
Paeudomonotis  from  the  Upper  Coal  Measures 
of  Kansas,  viii,  79. 

bawni.  viii,  83. 

hawni  eqaiatriata,  n.  var.,  viii,  82. 

T  robusta,  n.  sp.,  viii,  82. 

(7)  tenuistriata,  n.  sp..  viii,  81. 
Psendo*perna,  n.  gen.,  viii,  95. 

attenuata,  n.  sp.,  viii,  97. 

orbicularis,  n.  sp.,  viii,  97. 

rugosa,  n.  sp.,  viii,  96. 

torta,  n.  sp.,  viii,  96. 
Psilopa  aciculata,  vi  4. 

metallica,  vi,  4. 

nigrimana,  vi,  4. 
Psilopus,  ii,  50. 

characterof,  ii,  47. 

name  preoccupied,  ii,  48. 

bicolor,  ii,  48. 

fllipes,  ii,  48. 

scintillans,  ii,  48. 

tener,  ii,  48. 
Psilopioee.  new  gênera  and  species  of,  ii,  47. 

table  of  gênera,  ii,  48. 
Psychidee,  scales  of,  iii,  85,  86. 
Pteranodon,  ii,  79;  vi,  35. 

pubis  of,  i,  4. 

species  of,  i,  1. 

sknll  of.  i.  3. 

umbrosus.  vi  A.  36. 
Pteranodontinep,  i,  12. 
Pterodactyls.  Kansas,  i,  1. 

Kansas,  part  II,  ii,  79. 


Pterodactylus,  i,  8.  11. 
Pterosanria.  vi.  36. 

classification  of ,  i,  12. 
PterycoUasaurus,  iii,  166. 
Puccinia  coronata,  i,  126. 

graminis,  boste  of ,  i,  132. 

number  of  siiecies  on  grasses,  i,  124. 

phragmitis,  i,  125. 

rubigo-vera,  bosts  of,  i,  182. 
Puccinias,  effects  of,  i,  180. 
Pumping  power  of  windmills,  tbeoretical  and 

measured,  iv,  93. 
Pyromorphidae,  scalea  of,  iii,  88,  89. 

Q. 

Quartica,  basai  points  of  a  System  of ,  i,  66,  69.- 
critic  centers  of  a  ayatem  of,  i,  66,  68. 
nodal  bicnapidal,  i,  59,  62. 
tricuapidal,  i,  62,  65. 
trinodal,  i,  56,  59. 
with  a  triple  point,  i,  65,  66. 

R. 
Rainfall  in  Kansaa.  iii,  117,  218. 
"Raise"  debates  on  the  meaning  of.  in  the 

constitution,  ii,  188,  193,  207,  210. 
Range  and  distribution  of  the  Mosasaurs,  with 

remaries  on  synonymy,  vi,  177. 
Ratio  of  limestone  to  shaies  and  sandstonea, 

iii,  279. 
Reaumuria,  iii,  177. 
Rectification  of  arcs  with  hyperbolic  spiral 

instruments,  vii,  169. 
Reformatory  atEImira,  N.  ¥.,  i,  160. 
Reformatory  at  Hutchinson,  i,  160. 
Reformatory  inmates.  biographieal  statistics 

of.  i,  166. 
Reform  school  at  Topeka,  i,  160. 
Refractive  index  of  clearing  and  mounting 

média,  vii,  197. 
Registry  of  criminals,  System  of,  i,  173. 
Réguler  polygons,  construction  of ,  by  means  of 

hyperbolic  spiral  instruments,  vii,  168. 
Relative  sentences  and  clauses,  coordinate  (in 

Ceesar's  Commentaries).  vii  B,  101. 
Relative  value  of  limestone,  sandstone  and 

shale  for  stratigraphie  work  in  Kansas, 

ii,  102. 
Responsibility  for  financial  législation,  effect 

of  business  methods  of  Congress  on,  ii, 

221. 
rendered  ineffectnal  by  présent  methods, 

ii,  223. 
reforms  suggested  to  secure,  ii,  226. 
Responsibility,  the  tone  of  litorature  and  the 

writer's,  vii  B,  39. 
Restoration  of  Kansas  Mosasaurs,  vi,  107. 
Restoration  of  Oreodon  culbertsonii  Leidy, 

vi.  13. 
Restoration  of  Ornithostoma,  vi,  35. 
Results  of  an  ezamination  of  Tacitus  and  Sal- 

lust  on  séquence  of  tenses,  vii  B.  108. 
Rhabdomeson  in  America,  occurrence  of  the 

bryozoan  genus,  iz,  173. 
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Rhabdopselaphns.  iii,  42. 
Rbadinrffoe  leucopogoo,  ii,  75. 
Rbagoletid  pomonella,  ii,  164,  165. 

sephyria,  ii,  164. 
Rhaphidolabifl  debilis,  ii.  62. 
Rbapbiomidas,  mootb-parU  of,  i,  111. 

aetOD,  i.  111,  112. 
Rbedia,  iii.  177. 
Rhingia  naaica,  i,  87;  iii,  240. 
Rbinocbelys,  iii,  8. 
Rbynchogonia,  iii,  189. 
Riley,  C.  Y.,  i,  89. 
River  waten,  oompariaon  of,  iii,  99. 

oomparison  of  minerai  conetituenta    in 
water  of  Kaw  valIey,  iii,  98. 
Robert  Langley,  name,  Tii  B,  25. 
Robinett  flnfrs,  named,  ii,  108. 
Roulette,  instantaneons  center  of ,  i,  90. 

limaçon  as  a,  i,  89. 
Roins  in  Soott  coanty,  Kanaas,  aome  prehis- 

toric,  Yii  B,  109. 
Rnasiane  in  Kanaas,  iii,  159,  161. 

S. 
Sacmm  of  Moroaanras,  Tii,  178. 
Sagenodos,  a  new  speeies  of,  from  tbe  Kanaas 
Coal  Measures,  Tiii,  175. 

copeanas,  n.  sp.,  Tiii,  178. 
Salieyiio  aeid  and  caloinmsnlflte  as  preserra- 

tives  of  cider,  vi  A,  211. 
Salmon,  référence  to  bigber  plane  carve  of, 
i.  48.  58,  60,  70,  89. 

référence  to  conie  sections  of,  i,  50. 
Sands  of  tbe  Kansas  river  Talley,  iv,  125. 
Saprolegniefp,  material  for  tbe  stady  of,  rii, 

112. 
Sapromiaa  bipanctata,  yi,  A,  11. 

oontigna,  vi,  9. 

exul,  Tl.  11. 

geminata.  tI,  9. 

Inpalinoides,  tî,  U. 

macula,  vi,  9. 

picrula,  vi,  10. 

rabetcens,  vi,  9. 

xantbiceps,  vi.  9. 
Sarcopbagœ.  vii.  208,  209. 
Sarcophaga  cimbicis  Town,  vii,  206. 

bnnteri.  n.  sp.  Hoagh,  vii,  207,  209.  210. 
Sarcophagidip,  vii.  206. 
Sanrocephalidie,  vii,  21. 
Sanrocepbalns,  vii.  22,  177. 

dentatus.  vii.  25. 

speeies  of.  vii,  186. 
Saurodon,  vii,  22. 

ferox.  vii,  183. 

leaoQs.  vii.  177. 

notes  on  tbe  genus   and    allied   speeies, 
vii,  177. 

speeies  of.  vii,  186. 

ziphirostris,  vii,  178. 
8aarodontirI^e,  vii,  21. 
Sanrodontidae  Cn()e,  rcmarks  nn,  viii,  107. 
Scandinaviaa  Bett'emeDis  in  Kansas.  iii,  159, 
161. 


Soales,  absence  of,  in  Coleoptara,  iii,  74. 
in  Heliconids,  iii,  75. 
in  Hemariathyabe,  iii,  74. 
in  Lana,  Promethea,  iii,  74. 
in  Setiidae,  Zygmiidœ,  iii.  78. 
arrangement    of,   in   Cailidryas    enbule, 
Grapta  interrogationis,  Lycienidse,  Mor* 
pbo.  Papilio.  iii,  48. 
coloration  in  Arachnis  piota,  iii,  71,  12. 
Epieallia,  Eaprepia,   Halaaidota    ar- 

dentata.  iU,  72. 

Lyeena,  M icropteryx,  Morpho,  iii,  10. 

enps  of  insertion  of,  in  Casina,  Brebas 

strix.    Endamns    tityma,    Micropterjrx 

unimac&lella,  Morpbo,  Pieris  protodloe, 

iii.  49. 

of  body  of,  Cberompa,  Megalopyge,  Phy- 

lampelns,  Spbingidae,  iii,  75. 
of  Lepidoptera,  absence  of,  iii,  18. 
arrangement  of,  iii,  47,  48. 
body  seales,  iii,  75. 
coloration  by,  iii,  69. 
comparison  of,  in  Coleoptera,  iii,  14. 
development  of ,  iii,  68,  64. 
functions  of,  iii,  54,  57,  76. 
bistoiogy  of.  iii,  51. 
omamental,  iii,  68. 
pedicela  of,  iii,  50. 
sbape  of,  iii,  47. 

signifleanoe  of  development  of,  iii,  67. 
spécialisation  of,  iii,  64,  65. 
stris  of.  iii,  51,  62. 
structure,  iii,  52,  58. 
taxonomie  value  of,  iii,  45,  79. 
variation  of,  iii,  58,  54. 
shape  and  size  of,  in  Lepidoptera,  iii,  46w 
in  Cailidryas  enbule,  iii,  47,  48. 
Castnla.  Micropteryx.  Morpho,  iii,  47. 
specialication  in  Actias  luna,  iii.  68. 
in  Citberonia  regalis,  iii,  69. 
in  Gloveria,  iii,  65. 
in  Heliconia,  iii,  67. 
in  Prionoxystus  robini»,  iii,  61. 
in  Satumia  carpini,  iii,  68. 
in  Tolype,  iii,  66. 
strifp  of  Cailidryas  enbule,  iii,  52. 
Castnia,  iii,  53. 
Danais  arcbippus,  iii,  51. 
Hepialns,  iii,  52. 
Lycomorpba  constans,  iii,  52. 
Micropteryx,  iii,  70. 
Morpbo,  iii,  51. 
Nomophila,  iii,  52. 
variation  in  Actias  luna,  Danais  arcbip- 
pus. Megalopyge  crispata.  Micropteryx, 
Tolype  velleda,  iii,  53. 
Scatella  obscure,  vi,  5. 

stagnalis,  vi,  5. 
Scbolar  in  politics,  tbe  duty  of,  v,  5.'i. 
Schools  in  a  foreign  tongue  in  Kansas,  Iii,  162. 
Scientiflc   publications  by   mcmb^ra  of   tbe 
University  of  Kansss,  bibliographe  of, 
viii,  138;  X.  -. 
Scotch  settlements  in  Kansas,  iii,  162. 
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Soolopendra,  notes    on    spermatooytea  and 
epennatids  of,  x,  61,  76. 

aocesaory  chromosome  in,  z«  71. 

apieal  point  in  spermatooytes  of,  x,  66, 67, 

bndding  of  nncleus  in,  z,  68. 

formation  of  itomere  in,  x,  68. 

ori^n  of  axial  filament  in,  x,  70-74. 

pseudo-germinal  yeside  stage  in,  x,  64. 

structure  of  testes  of,  z,  62. 
Scott  connty,  Kansas.  some  prebistorie  mins, 

▼ii  B.  109. 
Seeretary  of  the  treasury  forced  to  make  rég- 
uler reports,  ii,  185. 
Belasoma  tibialis,  iii,  192. 
Semi-arid  Kansas,  iii,  209. 
Semper,  Cari,  quoted,  iii,  62. 
Senate  déclines  to  originate  a  tariff  bill,  ii, 
192. 

attempts  to  originate  gênerai  appropria- 
tion bUl.  but  fails,  iii.  194. 
Sensé  of  teste,  comparison  of  the  résulte  in 
the  case  of  tests  on  Indians   and  on 
whites,  iii,  97. 
Séquence,  exceptions  to,  yii  B,  96. 
Séquence  feeling.  the  proof  of  a,  yii  B,  103. 
Séquence  of  tenses  in  Latin,  the.  Tii  B.  57. 
Sericomyia  militaris,  i.  37;  iii,  242. 
Serrant-girl  problem,  !▼,  31. 
Setaria  glauca,  i,  123. 

▼iridis,  i,  129. 
Settlements,  foreign,  in  Kansas,  i,  71. 
Sexes,  delicacy  of  the  sensé  of  teste  in  the  dif- 
férent, compared,  ii,  97. 
Shales,  origin  of.  iii,  285.  286. 

Cherokee,  iii.  272-309. 

Lane,  iii,  277. 

Lawrence,  iii.  277-295. 

Osage  City,  iii,  278-305. 

Pleasanton,  iii.  274-305. 

Thayer.  iii.  275-305. 
Sheldon.  E.  S.,  i,  137. 
Sialia  arctica,  iii.  135. 
Sironectes,  iii,  168. 
Skeat,  W.  W..  vii  B,  1,  8,  11.  12,  20. 
Skin  of  Tylosaurur,  yi  A,  97. 
Slosson.  E.  E.,  i,  137. 
Smith,  J.  B.,  i,  89,  40. 
Smutoncom,  i,  126. 
Snow,  F.  H.,  i,  39. 
Snowia,  i,  119;  vi,  12.; 

rufescens,  i,  120. 
Soderstrom.  E.  E..  i,  137. 
Sodium,  effect  of  magnetism  upon  the  spectral 

Unes  of ,  yi,  77. 
Solanum  carolinense,  ii,  161. 
Solenomya  parallèle,  n.  sp.,  viii,  131. 

trapezoides,  Tiii,  132. 
Somphospongia,  n.  gen.,  Tiii.  128. 

multiformis,  n.  sp.,  yiii,  128. 
Some    new  cirriped   crustaceans    from    the 

Niobrara  Cretaceous  of  Kansas,  yi  187. 
Sound,  expérimenta  in  judging  the  direction 

of,  Tii.  9. 
Spallanzania,  iii,  177. 


Sound,  expérimente  in  judging  the  distance  of, 

▼ii,  1. 
South  American  Muscids  in  the  collection  of 

S.  W.  WiUiston.  ix.  208. 
Spartina  eynosuroides,  i,  125. 

stricte,  i,  125. 
Spathichira,  ii,  23. 
funditor,  U,  23. 
pulchrimana,  ii,  23. 
Spécial  tenses,  delicacy  of,  ii.  85. 
Spectral  Unes  of  sodium,  effect  of  magnetism 

upon,  yi  A,  77. 
Spermatids  of  Scolopendre,  x,  68^71. 
Spermatocytes  of  Scolopendre,  x,  63-68. 
Spermatogonial     diyisions    in     Brachystola 

magna,  ix,  135. 
Sphœrophoria  cylindrica,  î,  37  ;  iii,  239. 
Sphecorayia  vittata,  iii.  247. 
Sphingidœ,  iii,  141. 

Sphinx  ligustri,  mouth-parts  of,  ii,  55. 
Sphiximorpha  Hond,  vi,  146. 
SpUomyia  kahli,  iii,  245. 
litnrata,  iii,  245. 
quadrifasciata,  i.  88. 
Spilographa,  ii.  162. 

electa,  ii,  161.  162. 
Spirifer  cameratus  Morton,  yariations  of  ex- 
temal  appearance  and  internai  charac- 
ters,  yii,  103. 
Spooner  library,  heating  plant  of ,  vii,  149. 
Spogostylum,  iii,  43. 
Squame,  yi,  187. 
lata,  yi,  188. 
spissa,  vi,  187. 
Statistics  of  American  oities,  bibliography,  i, 
185. 
biographical,  of  reformatory  inmates,  i, 
166. 
Stegana,  vi,  12. 
Stein,  Paul,  vii,  209. 
Steinerian,  the,  in  geometry  of  one  dimension, 

iii,  103. 
Stibasoma  theotœnia.  iii,  191. 
Steiner,  a  theorem  due  to,  i,  70. 
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number  contains  50  or  more  pages  of  reading  matter,  with  necessary 
illustrations.  The  four  numbers  of  each  year  constitute  a  volume. 
The  price  of  subscription  is  two  dollars  a  volume,  single  numbers 
varying  in  price  with  cost  of  publication.    Exchanges  are  solicited. 
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Beginning  with  volume  VI,  the  Quarterly  appears  in  two  séries  : 
A,  Science  and  Mathematics  ;  B,  Philology  and  History. 
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QuARTBRLY  was  closed  with  the  number  for  October,  1896,  and  bas 
but  two  numbers  ;  but  no  issue  was  omitted. 
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The  Quarterly  is  issued  regularly,  as  indicated  by  its  title.  Each 
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Lantern  or  Stereopticon  Slides. 

Duplicates  of  the  exteDsive  collection  of  original  Lantern  Slides,  made  ex- 
pressly  for  the  University  of  Kansas,  can  be  obtained  from  the  photographer. 

The  low  price  of  33è  cents  per  sHde  will  be  charged  on  orders  of  twelve  or 
more  plain  slides.  Colored  subjects  can  be  supplied  for  twice  the  price  of  plain 
subjects,  or  661  cents  each. 

Send  for  list  of  subjects  in  any  or  ail  of  the  following  departments: 

PHYSICAL  OEOLOGY  AND  PALEONTOLOO Y.- Erosion,  Glaciers  and  Ice.  Volcanoes 
and  Eroptioos,  Colorado  Moantain  Scenery,  Arisona  Scenery,  Reatoration  of  Extinct  Ani- 
male, Rare  Foseil  Remains,  Kansas  Physical  Characters,  Chalk  Région  and  Irrigation,  Bad 
Lands  of  Sonth  Dakota,  Fossil  Région  of  Wyoming,  Mieroscopic  Sections  of  Kansas  Bnilding 
Stones,  Evolution. 

MI NERALOO Y.— Mieroscopic  Sections  of  Crystalline  Rocks,  and  of  Clays,  Lead  Mining  of 
Oalena,  Kan.,  Sait  Manufacture  in  Kansas. 

BOTANY  AND  BACTERIOLOGY.-Morpbology,Histology  and  Pbysiologyof  Plants,  Para- 
sitic  Fungi  from  Nature,  Disease  Germs,  Formation  of  Soil  (Geological),  Distinguished  Bota- 
nists. 

ENTOMOLOGY  AND  GENERAL  ZOOLOQY.-Insects,  Corals,  and  Lower  Invertebratj 
Birds  and  Mammals. 

ANATOMY.— Tbe  Brain,  Embryology,  and  Functions  of  Sensés. 

CHEMISTRY.— PortraiU  of  Cbemists,  Toxicology,  Kansas  Oil  Wells,  Kansas  Meteors,  Tea, 
Coffee  and  Chocolaté  Production. 

PHARMACY.— Médical  Plants  in  Colors,  Cbaracteristics  of  Dmgs  and  Adultérations,  Anti- 
toxin,  Norway  Cod  and  Wbale  Fisbing. 

CIVIL  ENGINEERING.- Locomotives  and  Railroads. 

PHYSICS  AND  ELECTRICAL  ENGINEERING.-Electrical  Apparatos,  X-Rays. 

ASTRONOMY.— Sun,  Moon,  Planets,  Comets,  and  Stars  (many  subjects  in  colors). 

SOCIOLOGY.—  Kansas  State  Penitentiary,  Indian  Education  and  Early  Condition. 

AMERICAN  HISTORY.— Political  Caricatures,  Spanisb  Conquests. 

GREEK.— Ancient  and  Modem  Arcbitecture,  Sculpture,  Art  and  Texte. 

GERMAN.— German  National  Costumes  (in  colors).  Nibelungen  Paintings,  Life  of  William 
Tell,  Cologne  Catbedral. 

FINE  ARTS.— Classical  Sculpture  and  Paintings,  Music  and  Art  of  Bible  Lands,  of  Chaldea, 
Assyria.  Egypt,  Palestine,  and  iirmenia.  Religions  Customs  of  India,  Primitve  Art  and  Condi- 
tion of  Man,  Modem  Paintings  and  Illustrations. 

For  further  information,  address     DAVID  HORKMAN,  Lawrence,  Kan. 
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will  close  out  at  f8  to  «10  each  ;  also  some  shopwom  samples  and  '99  models  very  cheap.  8end  for  Barsala  Uu. 
OIIR  RELIABIIJT Y  Is  unquestioned.  We  refer  to  any  bank  or  business  house  in  Chicago,  or  any  express  or 
railroad  comnany.  We  will  send  you  letters  of  reference  direct  from  the  largest  banks  in  Chlosffo  if  you  wish  It. 
CBHII  YAlIP  ADAED  t«d*7^  Thls  low  price  and  thèse  «peelal  tcrmsofshipmentwlthoatdeposltwm 
wCnll    I  UU n    UnlICII  be  wUhdrawn  rery  soon.    GTOlre  name  of  thls  oaper. 

i#.  L.  MEAD  CYCLE  COMPANY,  ohioago,  uh 


It  is  a  deiight  to  operate 
them.  Cet  a  Premo,  and 
you  hâve  the  best. 


PREMOS 

PRODUCE 
PERFECT 
PICTURES 
BECAUSE 
THEY  ARE 
PERFECT 
CAMERAS 


$5.00  and  Upwards. 


OATALOQUK  MAILKO  FREK. 


ROCHE8TER  OPTICAL  CO., 


ROCHE8TER,  N.  Y. 
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Have  You  Read 
Thèse  Books? 

They  are  doToted  to  the  wonderful  sighjts 
and  scoDes  and  spécial  resorte  of  tonrists 
and  healthseekers  in  the  Great  West. 

Though  published  by  a  Bailway  Com- 
pany, 

Tlie  Santa  Fe  Route, 

tbey  are  literary  and  artistic  produc- 
tions, designed  to  create  among  travelers 
a  bptter  appréciation  of  the  attractions 
of  our  own  conntry. 

Mailed  free  to  any  address  on  receipt 
of  postage,  as  indicated  : 

**Thj5  Moki  Snakb  Danob,*'  86  pp.,  64 

illustrations.    3  cents. 
"  Grand  Canon  of  thb  Colorado  Rit- 

BB,"  23  pp.,  15  illustrations.    2  cents. 
"Hbalth  kesorts  of  Nbw  Mexico," 

80  pp.,  31  illustrations.    2  cents. 
"  Hbaltr  Rbsorts  of  Arizona,"  72  pp., 

18  illustrations.    2  cents. 
"  Las  Vbgas  Hot  Sprinob  and  Vicin- 

ITT."  48  pp.,  39  illustrations.   2  cents. 
"To  Califobnia  and  Back,"  176  pp., 

176  illustrations.    5  cents. 


W.  J.  BLACZ, 

o.  p.  a..a.t.*8.f.  rt., 

toi'eka,  KAN. 


W.  B.  BDCPSOXr, 
Advertising  Agent, 

A.T.ft8.F.BT., 
CHICAGO. 
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60    YEARS^ 
EXPERIENCE 


TftADE  Marks 
Devions 


Anyone  sendlng  a  sketch  and  description  may 

Sdckly  ascertaln  car  opinion  free  wbether  an 
Tention  is  probably  patentable.    Communlca- 
tlons  strictly  confldentlal.  Handbook  on  Patenta 


aentfree.  Oldest  asency  for  secariUK  patents. 

Patenta  taken  throuflrta  Munn  A  Co.  recelre 
apeeial  notice^  wlthout  oharve.  In  the 

Scientific  Hmeticam 


A  bandsomely  lllnstrated  week]  y. 
colatlon  of  any  sdentiflc  journal. 


lATKest  CiP> 
Terme,  $8  a 


mr  ;  fonr  months,  IL  Sold  by  ail  newsdeàlers. 
Offloe,  626  F  8t,  Washington,  D.  C. 


Branch 


AFTBR 
GRADUATION 


,     you  will  need  the  best  possible  substi- 
tute  for  your  collège  reading-room  ;   if 
I     you  wish  to 

i  KBBP 


UP  TO  DATE 

current  engineering  periodicals  must  be 
coosulted.  Thb  Enoinberino  Index 
makes  the  contents  of  ail  the  leading 
American,  British  and  continental  jour- 
dais  available  at  a  minimum  expendi- 
ture  of  time  and  money.  Send  for  sample 
copy  and  particulars.  Mention  Kansas 
UniTersity  Quarterly  when  you  write. 

Tbe  Engineering  Magazine, 

120-122  Liberty  St,  New  York. 
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THB  NEW  YORK  PUBLIC  LIBRARY 
REFERENCE  DEPARTMENT 


book  is  oailer  no  eiroamstanoes  to 
teken  from  Che  Boildiii^ 
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